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The  First  Edition  of  my  *  Geological  Observations  on 
the  Volcanic  Islands,'  visited  during  the  voyage  of 
H.M.S.  *  Beagle/  under  the  command  of  Capt.  Fitz- 
Roy,  R.N.,  was  published,  with  the  approval  of  the 
Lords  Commissioners  of  Her  Majesty's  Treasury,  in  the 
year  1844  ;  and  my  *  Observations  on  South  America,' 
in  1 846.  As  both  these  works  are  now  out  of  print,  and 
as  I  believe  that  they  still  contain  matter  of  scientific 
value,  it  has  appeared  to  me  advisable  that  they  should 
be  republished.  They  relato  to  parts  of  the  world 
which  have  been  so  rarely  visited  by  men  of  science, 
that  I  am  not  aware  that  much  could  be  corrected  or 
added  from  observations  subsequently  made. 

Owing  to  the  great  progress  which  Geology  has 
made  within  recent  times,  my  views  on  some  few  points 
may  be  somewhat  antiquated ;  but  I  have  thought  it 
best  to  leave  them  as  they  originally  appeared.  In 
order  to  complete  my  account  of  the  Geological  Obser- 
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rations  made  during  the  voyage  of  the  *  Beagle/  I  will 
here  give  references  to  four  papers  which  were  separately 
published.  First,  *  On  the  Connection  of  certain  Vol- 
canic Phenomena  in  South  America/  read  in  1838,  and 
published  in  Volume  V,  of  the  *  Transactions  of  the 
Geological  Society/  Secondly,  *  On  the  Distribution 
of  the  Erratic  Boulders  and  on  the  contemporaneous 
Stratified  Deposits  of  South  America/ read  in  1841,  and 
published  in  Volume  VI.  of  the  *  Transactions '  of  the 
same  Society.  Thirdly,  *  An  Account  of  the  Fine  Dust 
which  often  falls  on  Vessels  in  the  Atlantic  Ocean :  * 
'Proceedings  of  the  Geological  Society/  June  4,  1845. 
Fourthly,  on  March  25,  1846,  in  the  same  Journal, 
*  On  the  Geology  of  the  Falkland  Islands.' 
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CHAPTER  L 

ST.  JAGO,  IN  THE  CAPE  DE  VERDE  ARCHIPELAGO. 

Roeki  of  the  lowett  series. — A  oaleareous  sedimentary  deposit^  rvith 
recent  shells,  altered  by  the  contact  of  superitumnbent  lava,  its  hori- 
tontality  and  extent — Subsequent  volcanic  eruptions,  associated  ivith 
ealoa/reous  matter  in  an  earthy  and  fibrous  form,  and  often  mclostd 
ntithin  the  separate  cells  of  the  scorim— Ancient  and  obliterated 
orifices  of  eruption  of  small  size — Ditficvlty  of  tracing  over  a  bare 
plain  recent  streamx  of  lava — Inland  hills  cf  more  ancit*nt  volcanie 
ronk — decomposed  olivine  in  large  massfS—Feldspafhie  rocks  beneath 
the  upper  crystalline  basaltic  strata —  C/niform  xtruclvre  and  form  of 
the  more  anci^it  volcanic  hills — Form  of  the  valleys  near  the  coast 
— Conglomerate  now  forming  on  the  sea  beach. 

The  island  of  St.  Jago  extends  in  a  NNW.  and  SSE. 
direction,  thirty  miles  in  length  by  about  twelve  in 
breadth.  My  observations,  made  during  two  visits,  were 
confined  to  the  southern  portion  within  the  distance  of 
a  few  leagues  from  Poi*to  Praya.  The  country,  viewed 
from  the  sea,  presents  a  varied  outline  :  smooth  conical 
hills  of  a  reddish  colour  (like  Red  Hill  in  the  accompany- 
ing woodcut),*  and  others  less  regular,  flat-topped,  and 
of  a  blackish  colour  (like  A,  B,  C,)  rise  from  successive, 
step-formed  plains  of  lava.  At  a  distance,  a  chain  of 
mountains,  many  thousand  feet  in  height,  traver^^es  the 
interior  of  the  island.  There  is  no  active  volcano  in 
St.  Jago,  and  only  one  in  the  group,  namely  at  Fogo. 

*  The  outline  of  the  coast,  the  position  of  the  villages,  strcamletH, 
and  of  mosr  of  the  hills  in  this  w  )odcut,  are  copied  from  the  chart 
made  on  board  H.M.S  *  Leven.*  The  square- topped  hills  (A,  B  C,ic.) 
are  put  in  merely  by  eye,  to  illuatrate  my  description. 
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The  island  since  being  inhabited  has  not  snffered  from 
destructive  earthquakes. 

The  lowest  rocks  exposed  on  the  coast  near  Porto 
Praya,  are  highly  crystalline  and  compact;  they  appear 
to  be  of  ancient,  submarine,  volcanic  origin ;  they  are 
unconformably  covered  by  a  thin,  irregular,  calcareous 
deposit,  abounding  with  shells  of  a  late  tertiary  period ; 
and  this  again  is  capped  by  a  wide  sheet  of  basaltic  lava, 
which  has  flowed  in  successive  streams  from  the  interior 
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of  the  island,  between  the  square-topped  hills  marked 
A,  B,  C,  &c.  Still  more  recent  streams  of  lava  have 
been  erupted  from  the  scattered  cones,  such  as  Red  and 
Signal  Post  Hills.  The  upper  strata  of  the  square-, 
topped  hills  are  intimately  related  in  mineralogical 
composition,  and  in  other  respects,  with  the  lowest  series 
of  the  coast-rocks,  with  which  they  seem  to  be  continuous. 
Miiieralogical  description  of  ths  rocks  of  (lie  lowest 
series, — These  rocks  possess  an  extremely  varying  char- 
acter ;  they  consist  of  black,  brown  and  gray,  compact, 
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basaltic  bases,  with  numerous  crystals  of  augite,  horn- 
blende, olivine,  mica,  and  sometimes  glassy  feldspar. 
A  common  variety  is  almost  entirely  composed  of  crystals 
of  augite  with  olivine.  Mica,  it  is  known,  seldom  occurs 
where  augite  abounds;  nor  probably  does  the  present 
case  offer  a  real  exception,  for  the  mica  (at  least  in  my 
best  characterised  specimen,  in  which  one  nodule  of  this 
mineral  is  nearly  half  an  inch  in  length,)  is  as  perfectly 
rounded  as  a  pebble  in  a  conglomerate,  and  evidently 
has  not  been  crystallised  in  the  base,  in  which  it  is  now 
inclosed,  but  has  proceeded  from  the  fusion  of  some  pre- 
existing rock.  These  compact  lavas  alternate  with  tuffs, 
amygdaloids  and  wacke,  and  in  some  places  with  coarse 
conglomerate.  Some  of  the  argillaceous  wackes  are  of 
a  dark  green  colour,  others,  pale  yellowish-green  J  and 
others  nearly  white ;  I  was  surprised  to  find  that  some 
of  the  latter  varieties,  even  where  whitest,  fused  into  a 
jet  black  enamel,  whilst  some  of  the  green  varieties 
afforded  only  a  pale  gray  bead.  Numerous  dikes,  con- 
sisting chiefly  of  highly  compact  augitic  rocks,  and  of 
gray  amygdaloidal  varieties,  intersect  the  strata,  which 
have  in  several  places  been  dislocated  with  considerable 
violence,  and  thrown  into  highly-inclined  positions. 
One  line  of  disturbance  crosses  the  northern  end  of 
Quail  Island,  (an  islet  in  the  bay  of  Porto  Praya)  and 
can  be  followed  to  the  mainland.  These  disturbances 
took  place  before  the  deposition  of  the  recent  sediment- 
ary bed  ;  and  the  surface,  also,  had  previously  been 
denuded  to  a  great  extent,  as  is  shown  by  many  trun- 
cated dikes. 

Description  of  tJie  calca/reous  deposit  overlying  the 
foregoing  volcanic  rocks. — This  stratum  is  very  con- 
spicuous from  its  white  colour,  and  from  the  extreme 
regularity  with  which  it  ranges  in  a  horizontal  line  for 
some  miles  along  the  coast.     Its  average  height  aX)ove 
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the  sea,  measured  from  the  upper  line  of  junction  with 
the  superincumbent  basaltic  lava,  is  about  sixty  feet ; 
and  its  thickness,  although  varying  much  from  the 
inequalities  of  the  underlying  formation,  may  be  esti- 
mated at  about  twenty  feet.  It  consists  of  quite  white 
calcareous  matter,  partly  composed  of  organic  debris, 
and  partly  of  a  substance  which  may  be  aptly  compared 
in  appearance  with  mortar.  Fragments  of  rock  and 
pebbles  are  scattered  throughout  this  bed,  often  forming, 
especially  in  the  lower  part,  a  conglomerate.  Many 
of  the  fragments  of  rock  are  whitewashed  with  a  thin 
coating  of  calcareous  matter.  At  Quail  Island,  the 
calcareous  deposit  is  replaced  in  its  lowest  part  by  a 
soft,  brown,  earthy  tuff,  full  of  Turritellae;  this  is 
covered  by  a  bed  of  pebbles,  passing  into  sandstone,  and 
mixed  with  fl^agments  of  echini,  claws  of  crabs,  and 
shells ;  the  oyster  shells  still  adhering  to  the  rock  on 
which  they  grew.  Numerous  white  balls  appearing  like 
pisolitic  concretions,  from  the  size  of  a  walnut  to  that  of 
an  apple,  are  embedded  in  this  deposit ;  they  usually 
have  a  small  pebble  in  their  centres.  Although  so  like 
concretions,  a  close  examination  convinced  me  that  they 
were  NuUiporae,  retaining  their  proper  forms,  but  with 
their  surfaces  slightly  abraded :  these  bodies  (plants  as 
they  are  now  generally  considered  to  be)  exhibit  under  a 
microscope  of  ordinary  power,  no  traces  of  organisation 
in  their  internal  structure.  Mr.  George  R.  Sowerby 
has  been  so  good  as  to  examine  the  shells  which  I  col- 
lected :  there  are  fourteen  species  in  a  sufficiently  perfect 
condition  for  their  characters  to  be  made  out  with  some 
degree  of  certainty,  and  four  which  can  be  referred  only 
to  their  genera.  Of  the  fourteen  shells,  of  which  a  list 
is  given  in  the  Appendix,  eleven  are  recent  species ;  one, 
though  undescribed,  is  perhaps  identical  with  a  species 
which  I  found  living  in  the  harbour  of  Porto  Praya ; 
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the  two  remaining  species  are  unknown,  and  have  been 
described  by  Mr.  Sowerby.  Until  the  shells  of  this 
Archipelago  and  of  the  neighbouring  coasts  are  better 
known,  it  would  be  rash  to  assert  that  even  these  two 
latter  shells  are  extinct.  The  number  of  species  which 
certainly  belong  to  existing  kinds,  although  few  in 
number,  are  sufficient  to  show  that  the  deposit  belongs 
to  a  late  tertiary  period.  From  its  mineralogical  char- 
acte?',  from  the  number  and  size  of  the  embedded 
fragments,  and  from  the  abundance  of  Patellae,  and 
other  littoral  shells,  it  is  evident  that  the  whole  was 
accumulated  in  a  shallow  sea,  near  an  ancient  coast-line. 
Efect^  produced  by  the  flowing  of  the  superincumn 
hent  baaaMic  lava  over  the  calcareous  deposit. — ^These 
eflfects  are  very  curious.  The  calcareous  matter  is  altered 
to  the  depth  of  about  a  foot  beneath  the  line  of  junction ; 
and  a  most  perfect  gradation  can  be  traced,  from  loosely 
aggregated,  small,  particles  of  shells,  corallines,  and 
Nulliporae,  into  a  rock,  in  which  not  a  trace  of  mechani- 
cal origin  can  be  discovered,  even  with  a  microscope. 
Where  the  metamorphic  change  has  been  greatest,  two 
varieties  occur.  The  first  is  a  hard,  compact,  white, 
fine  grained  rock,  striped  with  a  few  parallel  lines  of 
black  volcanic  particles,  and  resembling  a  sandstone, 
but  which,  upon  close  examination,  is  seen  to  be  crystal- 
lised throughout,  with  the  cleavages  so  perfect  that  they 
can  be  readily  measured  by  the  reflecting  goniometer. 
In  specimens,  where  the  change  has  been  less  complete, 
when  moistened  and  examined  under  a  strong  lens,  the 
most  interesting  gradation  can  be  traced,  some  of  the 
rounded  particles  retaining  their  proper  forms,  and  others 
insensibly  melting  into  the  granulo-crystalline  paste. 
The  weathered  surface  of  this  stone,  as  is  so  frequently 
the  case  with  ordinary  limestones,  assumes  a  brick-red 
colour. 
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The  second  metamorphosed  variety  is  likewise  a  hard 
rock,  but  without  any  crystalline  structure.  It  consists 
of  a  white,  opaque,  compact,  calcareous  stone,  thickly 
mottled  with  rounded,  though  regular,  spots  of  a  soft, 
earthy,  ochraceous  substance.  This  earthy  matter  is  of 
a  pale  yellowish -brown  colour,  and  appears  to  be  a  mix- 
ture of  carbonate  of  lime  with  iron ;  it  effervesces  with 
acids,  is  infusible,  but  blackens  under  the  blowpipe,  and 
becomes  magnetic.  The  rounded  form  of  the  minute 
patches  of  earthy  substance,  and  the  steps  in  the  progress 
of  their  perfect  formation,  which  can  be  followed  in  a 
suit  of  specimens,  clearly  show  that  they  are  due  either 
to  some  power  of  aggregation  in  the  earthy  particles 
amongst  themselves,  or  more  probably  to  a  strong  at- 
traction between  the  atoms  of  the  carbonate  of  lime, 
and  consequently  to  the  segi-egation  of  the  earthy  ex- 
traneous matter.  I  was  much  interested  by  this  fact, 
because  I  have  often  seen  quartz  rocks  (for  instance,  in 
the  Falkland  Islands,  and  in  the  lower  Silurian  strata  of 
the  Stiper-stones  in  Shropshire),  mottled  in  a  precisely 
analogous  manner,  with  little  spots  of  a  white,  earthy 
substance  (earthy  feldspar  ?) ;  and  these  rocks,  there 
was  good  reason  to  suppose,  had  undergone  the  action  of 
heat, — a  view  which  thus  receives  confirmation.  This 
spotted  structure  may  possibly  afford  some  indication  in 
distinguishing  those  formations  of  quartz,  which  owe 
their  present  structure  to  igneous  action,  from  those  pro- 
duced by  the  agency  of  water  alone  :  a  source  of  doubt, 
which  I  should  think  from  my  own  experience,  that 
most  geologists,  when  examining  arenaceo-quartzose  dis- 
tricts, must  have  experienced. 

The  lowest  and  most  scoriaceous  part  of  the  lava,  in 
polling  over  the  sedimentary  deposit  at  the  bottom  of 
the  sea,  has  caught  up  large  quantities  of  calcareous 
matter,  which  now  forms  a  snow-white,  highly  crystalline, 
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basis  to  a  breccia,  inclading  small  pieces  of  black,  glossy 
scoriae.  A  little  above  this,  where  the  lime  is  less  abun- 
dant, and  the  lava  more  compact,  numerous  little  balls, 
composed  of  spicula  of  calcareous  spar,  radiating  from 
common  centres,  occupy  the  interstices.  In  one  part  of 
Quail  Island,  the  lime  has  thus  been  crystallised  by  the 
heat  of  the  superincumbent  lava,  where  it  is  only 
thirteen  feet  in  thickness ;  nor  had  the  lava  been  origi- 
nally thicker,  and  since  reduced  by  degradation,  as  could 
be  told  from  the  degree  of  cellularity  of  its  surface.  I 
have  already  observed  that  the  sea  must  have  been 
shallow  in  which  the  calcareous  deposit  was  accumulated. 
In  this  case,  therefore,  the  carbonic  acid  gas  has  been 
retained  under  a  pressure,  insignificant  compared  with 
that  (a  column  of  water,  1708  feet  in  height)  originally 
supposed  by  Sir  James  Hall  to  be  requisite  for  this 
end :  but  since  his  experiments,  it  has  been  discovered 
that  pressure  has  less  to  do  with  the  retention  of  carbonic 
acid  gas,  than  the  nature  of  the  circumjacent  atmo- 
sphere ;  and  hence,  as  is  stated  to  be  the  case  by  Mr. 
Faraday,'  masses  of  limestone  are  sometimes  fused  and 
crystallised  even  in  common  lime-kilns.  Carbonate  of 
lime  can  be  heated  to  almost  any  degree,  according  to 
Faraday,  in  an  atmosphere  of  carbonic  acid  gas,  without 
being  decomposed;  and  Gay-Lussac  found  that  frag- 
ments of  limestone,  placed  in  a  tube  and  heated  to  a 
degree,  not  sufficient  by  itself  to  cause  their  decomposi- 
tion, yet  immediately  evolved  their  carbonic  acid,  when 
a  stream  of  common  air  or  steam  was  passed  over  them : 
Gay-Lussac  attributes  this  to  the  mechanical  displace- 
ment of  the  nascent  carbonic  acid  gas.     The  calcareous 

•  I  am  mach  indebted  to  Mr.  E.  W.  Brayley  in  having  given  me 
the  following  references  to  papers  on  this  subject :  Faraday,  in  the 

•  Edinbargb  New  Philosophical  Juurnal/  vol.  xv.  p.  398 ;  Gay-Lussac, 
in  *  Annates  de  Chcm.  et  Phys.,'  tom.  Iziii.  p.  219,  translated  in  the 

*  London  ai^d  Edinburgh  Philosophical  Magazine,'  vol.  x.  p.  49G. 


matter  beneath  the  lava,  and  especially  that  forming  the 
crystalline  spicula  between  the  interstices  of  the  scoriae, 
although  heated  in  an  atmosphere  probably  composed 
chiefly  of  steam,  could  not  have  been  subjected  to  the 
effects  of  a  passing  stream ;  and  hence  it  is,  perhaps, 
that  they  have  retained  their  carbonic  acid,  under  a 
small  amount  of  pressure. 

The  fragments  of  scoriae,  embedded  in  the  crystalline 
calcareous  basis,  are  of  a  jet  black  colour,  with  a  glossy 
fracture  like  pitchstone.  Their  surfaces,  however,  are 
coated  with  a  layer  of  a  reddish-orange,  translucent 
substance,  which  can  easily  be  scratched  with  a  knife ; 
hence  they  appear  as  if  overlaid  by  a  thin  layer  of  rosin. 
Some  of  the  smaller  fragments  are  partially  changed 
throughout  into  this  substance :  a  change  which  appears 
quite  different  from  ordinary  decomposition.  At  the 
Galapagos  Archipelago  (as  will  be  described  in  a  future 
chapter),  great  beds  are  formed  of  volcanic  ashes  and 
particles  of  scoriae,  which  have  undergone  a  closely 
similar  change. 

Ths  extent  and  horizontalify  of  the  calcareous  stratum, 
— The  upper  line  of  surface  of  the  calcareous  stratum, 
which  is  so  conspicuous  from  being  quite  white  and  so 
nearly  horizontal,  ranges  for  miles  along  the  coast,  at 
the  height  of  about  sixty  feet  above  the  sea.  The  sheet 
of  basalt,  by  which  it  is  capped,  is  on  an  average  eighty 
feet  in  thickness.  Westward  of  Porto  Pray  a  beyond 
Red  Hill,  the  white  stratum  with  the  superincumbent 
basalt  is  covered  up  by  more  recent  streams.  North- 
ward of  Signal  Post  Hill,  1  could  follow  it  with  my 
eye,  trending  away  for  several  miles  along  the  sea  cliffs. 
The  distance  thus  observed  is  about  seven  miles ;  but 
I  cannot  doubt  from  its  regularity  that  it  extends  much 
farther.  In  some  ravines  at  right  angles  to  the  coast, 
it  is  seen  gently  dipping  towards  the  sea,  probably  with 
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the  same  inclination  as  when  deposited  round  the 
ancient  Bhores  of  the  island.  I  found  only  one  inland 
Bection,  namely,  at  the  base  of  the  hill  marked  A,  where, 
at  the  height  of  some  hundred  feet,  this  bed  was  ex- 
posed ;  it  here  rested  on  the  usual  compact  augitic  rock 
associated  with  w&clce,  and  was  covered  by  the  wide- 
spread sheet  of  modern  basaltic  lava.  Some  exceptions 
occur  to  the  horizontality  of  the  white  stratum :  at 
Quail  Island,  its  upper  surface  is  only  forty  feet  above 
the  level  of  the  sea  ;  here  also  the  capping  of  lava  is 
only  between  twelve  and  fifteen  feet  in  thickness ;  on 
the  other  hand,  at  the  NE.  side  of  Porto  Praya 
harbour,  the  calcareous  stratum,  as  well  as  the  rock  on 
which  it  rests,  attain  a  height  above  the  averse  level : 
the  inequality  of  level  in  these  two  cases  is  not,  as  I 
believe,  owing  to  unequal  elevation,  but  to  original 
irregularities  at  the  bottom  of  the  sea.  Of  this  fact,  at 
Quail  Island,  there  was  clear  evidence  in  the  calcareous 
deposit  being  in  one  part  of  much  greater  than  the 
average  thickness,  and  in  another  part  being  entirely 
absent;  in  this  latter  case,  the  modem  basaltic  lavas 
rest«d  directly  on  those  of  more  ancient  origin. 

Under  Signal  Post  Hill,  the  white  stratum  dips 
into  the  eea  in  a  remarkable  manner.  This  hill  is 
conical,  450  feet  in  height,  and  retains  some  traces  of 
having  had  a  crateriform  structure ;  it  is  composed 
chiefly  of  matter  erupted  postariorly  to  the  elevation  of 
the  great  basaltic  plain,  but  partly  of  lava  of  apparently 
submarine  origin  and  of  considerable  antiquity.  The 
surrounding  plain,  as  well  as  the  eastern  flank  of  this 
hill,  have  been  worn  into  steep  precipices,  overhanging 
the  sea.  In  these  precipices,  the  white  calcareous 
stratum  may  be  seen,  at  the  height  of  about  70  feet 
above  the  beach,  running  for  some  miles  both  north- 
ward and  southward  of  the  hill,  in  a  line  appearing  to 


12 


St.  J  ago. 


TAia  I. 


be  perfectly  horizontal ;  but  for  a  space  of  a  quarter  of 
a  mile  directly  ander  the  hill,  it  dips  into  the  sea  and 
disappears.  On  the  south  side  the  dip  is  gradual,  on 
the  north  side  it  is  more  abrupt,  as  is  shown  in  the 
woodcut.     As  neither  the  calcareous  stratum,  nor  the 
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SIGNAL  POST  HILL. 

A— Ancient  rolcaoic  rock*.  B— Caloareoos  stmtmn. 

0— Upper  bAialtic  lava. 

superincumbent  basaltic  lava  (as  far  as  the  latter  can 
be  distinguished  from  the  more  modem  ejections), 
appear  to  thicken  as  they  dip,  I  infer  that  these  strata 
were  not  originally  accumulated  in  a  trough,  the 
centre  of  which  afterwards  became  a  point  of  eruption ; 
but  that  they  have  subsequently  been  disturbed  and 
bent.  We  may  suppose  either  that  Signal  Post  Hill 
subsided  after  its  elevation  with  the  suiTounding  country, 
or  that  it  never  was  uplifted  to  the  same  height  with  it. 
This  latter  seems  to  me  the  most  probable  alternative, 
for  during  the  slow  and  equable  elevation  of  this  portion 
of  the  island,  the  subterranean  motive  power,  from  ex- 
pending part  of  its  force  in  repeatedly  erupting  volcanic 
matter  from  beneath  this  point,  would,  it  is  likely,  have 
less  force  to  uplift  it.  Something  of  the  same  kind 
seems  to  have  occurred  near  Red  Hill,  for  when  tracing 
upwards  the  naked  streams  of  lava  from  near  Porto 
I^aya  towards  the  interior  of  the  island,  I  was  strongly 
induced  to  suspect,  that  since  the  lava  had  flowed,  the 
slope  of  the  land  had  been  slightly  modified,  either  by  a 
small  subsidence  near  Red  Hill,  or  by  that  portion  of 
tlie  ])lain  having  been  uplitled  to  a  less  height  during 
the  elevation  of  the  whole  area. 
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r/ifl  feasoZfi'c  lava,  fuperincumbent  on  the  ealeareout 
deposit. — This  lava  iB  of  a  pale  gray  colour,  fusing 
into  a  black  enamel;  its  fracture  is  rather  earthy 
and  concretionary  ;  it  contains  olivine  in  small  grains. 
The  central  parts  of  the  mass  are  compnct,  or  at  most 
crenulated  with  a  few  minute  cavities,  and  are  often 
columnar.  At  Qnail  Island  tfaie  structure  was  assumed 
in  a  striking  manner ;  the  lava  in  one  part  being 
divided  into  horizontal  Iamin»,  which  became  in  another 
part  split  by  vertical  fissures  into  five-sided  plates ;  and 
these  again,  being  piled  on  each  other,  insensibly 
became  soldered  together,  forming  fine  symmetrical 
columns.  The  lower  surface  of  the  lava  ia  vesicular, 
but  sometimes  only  to  the  thickness  of  a  few  inches ; 
the  upper  surface,  which  is  likewise  vesicular,  is  divided 
into  balls,  frequently  as  much  as  three  feet  in  diameter, 
made  up  of  concentric  layers.  The  niRsa  is  composed  of 
more  than  one  stream  ;  its  total  thickness  being,  on  an 
aver^fe,  about  eighty  feet :  the  lower  portion  has  cer- 
tainly flowed  beneath  the  sea,  and  probably  likewise  the 
npper  portion.  The  chief  part  of  this  lava  has  flowed 
from  the  central  districts,  between  the  hills  marked 
A,  B,  C,  &c.  in  the  woodcut-map.  The  sarfaee  of  the 
country,  near  the  coast,  is  level  and  barren ;  towards 
the  interior,  the  land  rises  by  successive  terraces,  of 
which  fijnr,  when  viewed  from  a  distance,  could  be 
distinctly  counted. 

Volcanic  oi-vptiona  suiiseqvent  to  the  ehvaiion  of 
tlie  coasthimi;  Ute  ejected  matter  asuoaated  with  earthy 
limo. — These  recent  lavas  have  proceeded  from  those 
scattered,  conical,  reddish-coloured  hills,  which  rise 
abruptly  from  the  plain-country  near  the  coHst.  I 
ascended  some  of  them,  but  will  describe  only  one, 
namely,  Red  Hill,  which  may  serve  as  a  type  of  its  class, 
and  is  remarkable  in  some  especial  respects.     Its  height 
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18  about  600  feet ;  it  is  composed  of  bright  red,  highly 
scoriaceons  rock  of  a  basaltic  nature ;  on  one  side  of  its 
summit  there  is  a  hollow,  probably  the  last  remnant  of 
a  crater.  Several  of  the  other  hills  of  this  class,  judging 
from  their  external  forms,  are  surmounted  by  much 
more  perfect  craters.  When  sailing  along  the  coast,  it 
was  evident  that  a  considerable  body  *of  lava  had  flowed 
from  Red  Hill,  over  a  line  of  cliff  about  120  feet  in 
height,  into  the  sea :  this  line  of  cliff  is  continuous 
with  that  forming  the  coast,  and  bounding  the  plain  on 
both  sides  of  this  hill ;  these  streams,  therefore,  were 
erupted,  after  the  formation  of  the  coast-cliffs,  from 
Red  Hill,  when  it  mast  have  stood,  as  it  now  does, 
above  the  level  of  the  sea.  This  conclusion  accords 
with  the  highly  scoriaceous  condition  of  all  the  rock  on 
it,  appearing  to  be  of  subaiirial  formation ;  and  this  is 
important,  as  there  are  some  beds  of  calcareous  matter 
near  its  summit,  which  might,  at  a  hasty  glance,  have 
been  mistaken  for  a  submarine  deposit.  These  beds 
consist  of  white,  earthy,  carbonate  of  lime,  extremely 
friable  so  as  to  be  crushed  with  the  least  pressure ;  the 
most  compact  specimens  not  resisting  the  strength  of 
the  fingers.  Some  of  the  masses  are  as  white  as  quick- 
lime, and  appear  absolutely  pure ;  but  on  examining 
them  with  a  lens,  minute  particles  of  scoriaB  can  always 
be  seen,  and  I  could  find  none  which,  when  dissolved  in 
acids,  did  not  leave  a  residue  of  this  nature.  It  is, 
moreover,  difficult  to  find  a  particle  of  the  lime  which 
does  not  change  colour  under  the  blowpipe,  most  of 
them  even  becoming  glazed.  The  scoriaceous  frag- 
ments and  the  calcareous  matter  are  associated  in  the 
most  irregular  manner,  sometimes  in  obscure  beds,  bub 
more  generally  as  a  confused  breccia,  the  lime  in  some 
parts  and  the  scorias  in  others  being  most  abundant. 
Sir  H.  De  la  Beche  has  been  so  kind  as  to  have  some  of 
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the  purest  specimens  analysed,  with  a  view  to  discover, 
comiidernig  their  Tolcanic  origiD,  whether  they  con- 
tained much  mognesia ;  but  only  a  small  portion  waa 
fonnd,  such  as  is  pi-esent  in  most  limestones. 

Fragments  of  the  scoriee  embedded  in  the  calcareons 
mass,  when  broken,  exhibit  many  of  their  cells  lined 
and  partly  filled  with  a  white,  delicate,  excessively 
fragile,  moss-like,  or  rather  confervft-like,  reticulation 
of  carbonate  of  lime.  These  fibres,  examined  under  a 
lens  of  one-tenth  of  an  inch  focal  distance,  appear 
cyliudrical ;  they  are  rather  abore  the  -njVir  o*"  ^'^  ^'^'^ 
in  diameter ;  they  are  eitlier  simply  branched,  or  more 
commonly  united  into  an  irregular  mass  of  net-work, 
with  the  meshes  of  very  unequal  sizes  and  of  unequal 
nnmbers  of  aides.  Some  of  the  fibres  are  thickly 
covered  with  extremely  minute  spicnia,  occasionally 
a^regated  into  little  tufts ;  and  hence  they  have  a 
hairy  appearance.  These  apicula  are  of  the  same  dia- 
meter throughout  their  length ;  they  are  easily  detached, 
eo  that  the  object-glass  of  the  microscope  soon  becomes 
scattered  over  with  them.  Within  the  cells  of  many 
fragments  of  the  scorite,  the  lime  exhibits  this  fibrous 
Btmcture,  but  generally  in  a  less  perfect  degree.  These 
cells  do  not  appear  to  be  connected  with  one  another. 
There  can  be  no  doubt,  as  will  presently  be  shown,  that 
the  lime  was  erupted,  mingled  with  the  lava  in  its  Siiid 
state  ;  and  therefore  I  have  thought  it  worth  while  to 
describe  minutely  this  curious  fibrous  structure,  of  which 
1  know  nothing  analogous.  From  the  earthy  condition 
of  the  fibres,  this  structure  does  not  appear  to  be  related 
to  crystal!  isn  tin  n. 

Other  fragments  of  the  scoriaceous  rock  &om  this 
hill,  when  broken,  are  often  seen  marked  with  short  and 
irregular  white  streaks,  which  are  owing  to  a  row  of 
separate  cells  being  partly,  or  qnite,  filled  with  white 


1 6  S/.  J  ago.  FAKT  1. 

calcareous  powder.  This  structure  immediately  re- 
minded me  of  the  appearance  in  badly  kneadecl  doagh, 
of  balls  and  drawn-out  streaks  of  flour,  which  have  re- 
mained unmixed  with  the  paste ;  and  I  cannot  doubt 
that  small  masses  of  the  lime,  in  the  same  manner  re- 
maining unmixed  with  the  fluid  lava,  have  been  drawn 
out  when  the  whole  was  in  motion.  I  carefully  ex- 
amined, by  trituration  and  solution  in  acids,  pieces  of 
the  scoriaB,  taken  from  within  half-an-inch  of  those  cells 
which  were  filled  with  the  calcareous  powder,  and  they 
did  not  contain  an  atom  of  free  lime.  It  is  obvious 
that  the  lava  and  lime  have  on  a  large  scale  been  very 
imperfectly  mingled ;  and  where  small  portions  of  the 
lime  have  been  entangled  within  a  piece  of  the  viscid 
lava,  the  cause  of  their  now  occupying,  in  the  form  of 
a  powder  or  of  a  fibrous  reticulation,  the  vesicular 
cavities,  is,  I  think,  evidently  due  to  the  confined  gases 
having  most  readily  expanded  at  the  points  where  the 
incoherent  lime  rendered  the  lava  less  adhesive. 

A  mile  eastward  of  the  town  of  Pray  a,  there  la 
a  steep-sided  gorge,  about  150  yards  in  width,  cutting 
through  the  basaltic  plain  and  underlying  beds,  but 
since  filled  up  by  a  stream  of  more  modem  lava.  This 
lava  is  dark  gray,  and  in  most  parts  compact  and  rudely 
columnar;  but  at  a  little  distance  from  the  coast,  it 
includes  in  an  irregular  manner  a  brecciated  mass  of 
red  scoriaB  mingled  with  a  considerable  quantity  of 
white,  friable,  and  in  some  parts,  nearly  pure  earthy 
lime,  like  that  on  the  summit  of  Red  Hill.  This  lava, 
with  its  entangled  lime,  has  certainly  flowed  in  the 
form  of  a  regular  stream  ;  and,  judging  from  the  shai>e 
of  the  gorge,  towards  which  the  drainage  of  the  country 
(feeble  though  it  now  be)  still  is  directed,  and  from  the 
appearance  of  the  bed  of  loose  water- worn  blocks  with 
their  interstices  unfilled,  like  those  in  the  bed   of  a 
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torrent,  on  which  the  lava  rests,  we  may  conclude  tlint 
the  stream  was  of  GubaSrial  origin.  I  was  unable  to 
trace  it  to  its  source,  but,  from  its  direction,  it  seemed 
to  have  come  from  Signal  Post  Hill,  distant  one  raile 
and  a  quarter,  which,  like  Ked  Hill,  has  been  a  poiiit 
of  eruption  subsequently  to  the  elevation  of  the  groat 
basaltic  plain.  It  accords  with  this  view,  that  I  found 
on  Signal  Post  Hill,  a  mass  of  eartJiy,  calcareous  matter 
of  the  same  nature,  mingled  with  acorite.  I  may  here 
observe  that  part  of  the  calcareous  matter  forming  the 
horizontal  sedimentary  bed,  especially  the  finer  matter 
with  which  the  embedded  fragments  of  rock  are  whitu- 
woshed,  has  probably  been  derived  from  similar  volcanic 
eruptions,  as  well  as  from  triturated  organic  remains: 
the  underlying,  ancient,  crystalline  rocks,  also,  are  as- 
sociated with  much  carbonate  of  lime,  filling  amygda- 
loidal  cavities,  and  forming  irregular  masses,  the  nature 
of  which  latter  I  was  unable  to  understand. 

Consideiing  the  abundance  of  earthy  lime  near  the 
summit  of  Red  Hill,  a  volcanic  cone  600  feet  in  height, 
of  Bubatirial  growth, — considering  the  intimate  manner 
in  which  minute  particles  and  large  masses  of  scoriaa 
are  embedded  in  the  mosses  of  nearly  pure  lime,  and 
on  the  other  hand,  the  manner  in  which  small  kemela 
and  streaks  of  the  calcareous  powder  are  included  in 
solid  pieces  of  the  scnrim, — considering,  also,  the  similar 
occurrence  of  lime  and  scoris  within  a  stream  of  lava, 
also  supposed,  with  good  reason,  to  have  been  of  modern 
eubaSrial  origin,  and  to  have  flowed  from  a  hill,  where 
earthy  lime  also  occurs :  I  think,  considering  these 
facta,  there  can  ba  no  doubt  that  the  lime  has  been 
erupted,  mingled  with  the  molten  lava.  I  am  not 
aware  that  any  similar  case  has  been  described :  it 
appears  to  me  an  interesting  one,  inasmuch  as  most 
geologists    most    have    speculated    on    the    probable 
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effects  of  a  volcanic  focus,  bursting  through  deep-seated 
beds  of  different  mineralogical  composition.  The  great 
abundance  of  free  silex  in  the  trachytes  of  some  conn- 
tries  (as  described  by  Beudant  in  Hungary,  and  by 
P.  Scrope  in  the  Panza  Islands),  perhaps  solves  the  en- 
quiry with  respect  to  deep-seated  beds  of  quartz ;  and 
we  probably  here  see  it  answered,  where  the  volcanic 
action  has  invaded  subjacent  masses  of  limestone.  One 
is  naturally  led  to  conjecture  in  what  state  the  now 
earthy  carbonate  of  lime  existed,  when  ejected  with  the 
intensely  heated  lava :  from  the  extreme  cellularity  of 
the  BcoriaB  on  Red  Hill,  the  pressure  cannot  have  been 
great,  and  as  most  volcanic  eruptions  are  accompanied 
by  the  emission  of  large  quantities  of  steam  and  other 
gases,  we  here  have  the  most  favourable  conditions, 
according  to  the  views  at  present  entertained  by 
chemists,  for  the  expulsion  of  the  carbonic  acid.*  Has 
the  slow  re-absorption  of  this  gas,  it  may  be  asked, 
given  to  the  lime  in  the  cells  of  the  lava,  that  peculiar 
fibrous  structure,  like  that  of  an  eflSorescing  salt  ? 
Finally,  I  may  remark  on  the  great  contrast  in  appear- 
ance between  this  earthy  lime,  which  must  have  been 
heated  in  a  free  atmosphere  of  steam  and  other  gases, 
with  the  white,  crystalline,  calcareous  spar,  produced  by 
a  single  thin  sheet  of  lava  (as  at  Quail  Island)  rolling 
over  similar  earthy  lime  and  the  d6bris  of  organic 
remains,  at  the  bottom  of  a  shallow  sea. 

Signal   Post    Hill. — This    hill    has    already    been 

'  Whilst  deep  beneath  the  surface,  the  carbonate  of  lime  was,  I 
presume,  in  a  tiuid  state.  Huiton,  it  is  known,  thought  that  all 
aiuygdaloids  were  produced  by  drops  of  molten  limestone  Hoating 
in  the  trap,  like  oil  in  water:  this  no  doubt  is  erroneous,  but  if  the 
matter  forming  the  summit  of  Red  Hill  h«id  been  cooled  under  the 
pressure  of  a  moderately  deep  sea,  or  within  the  walls  of  a  dike, 
we  should,  in  all  probability,  have  had  a  trap  rock  associated  wiih 
large  masses  of  compact,  crystalline,  calcareous  spar,  which,  accord- 
ing to  the  views  entertained  by  many  geologists,  would  have  been 
wrongly  attributed  to  subsequent  intiltration. 
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several  times  mentioned,  especially  with  reference  to 
the  remarkable  manner  in  which  the  white  calcareous 
stratum,  in  other  parts  so  horizontal  (Woodcut  No.  2), 
dips  under  it  into  the  sea.  It  is  a  broad  summit,  with 
obscure  traces  of  a  crateriform  structure,  and  is  com- 
posed of  basaltic  rocks,^  some  compact,  others  highly 
cellular,  with  inclined  beds  of  loose  scoriaB,  of  which 
some  are  associated  with  earthy  lime.  Like  Red  Hill, 
it  has  been  the  source  of  eruptions,  subsequently  to  the 
elevation  of  the  surrounding  basaltic  plain ;  but  unlike 
that  hill,  it  has  undergone  considerable  denudation, 
and  has  been  the  seat  of  volcanic  action  at  a  remote 
period,  when  beneath  the  sea.  I  judge  of  this  latter 
circumstance  from  finding  on  its  inland  flank  the  last 
remnants  of  three  small  points  of  eruption.  These 
points  are  composed  of  glossy  scoriaB,  cemented  by 
crystalline  calcareous  spar,  exactly  like  the  great  sub- 
marine calcareous  deposit,  where  the  heated  lava  has 
rolled  over  it :  their  demolished  state  can,  I  think,  be 
explained  only  by  the  denuding  action  of  the  waves  of 
the  sea.  I  was  guided  to  the  first  orifice  by  observing 
a  sheet  of  lava,  about  200  yards  square,  with  steepish 
sides,  superimposed  on  the  basaltic  plain,  with  no  adjoin- 
ing hillock,  whence  it  could  have  been  erupted ;  and 
the  only  trace  of  a  crater  which  I  was  able  to  discover, 
consisted  of  some  inclined  beds  of  scoriaB  at  one  of  its 
comers.  At  the  distance  of  fifty  yards  from  a  second 
level-topped  patch  of  lava,  but  of  much  smaller  size,  I 

*  Of  these,  one  common  yariety  is  remarkable  for  being  full  of 
small  fragments  of  a  dark  jasper-red  earthy  mineral,  which,  when 
examined  carefully,  shows  an  indistinct  oleaynge ;  the  little  frag* 
ments  are  elongated  in  form,  are  soft,  are  magnetic  before  and  after 
being  heated,  and  fuse  with  difficulty  into  a  dull  enan.el.  This 
mineral  is  evidently  closely  related  to  the  oxides  of  iron,  but  I 
cannot  ascertain  what  it  exactly  is.  The  rock  containing  this 
mineral  is  crennlated  with  small  angular  cavities,  which  are  li  aed 
and  filled  with  yellowish  crystals  of  carbonate  of  Ume. 
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found  an  irregular  circular  group  of  masses  of  cemented, 
ficoriaceous  breccia,  about  six  feet  in  height,  which 
doubtless  had  once  formed  the  point  of  eruption.  The 
third  orifice  is  now  marked  only  by  an  irregular  circle 
of  cemented  scoriaB,  about  four  yards  in  diameter,  and 
rising  in  its  highest  point  scarcely  three  feet  above  the 
level  of  the  plain,  the  surface  of  which,  close  all  round, 
exhibits  its  usual  appearance :  here  we  have  a  hori- 
zontal basal  section  of  a  volcanic  spiracle,  which,  to- 
gether with  all  its  ejected  matter,  has  been  almost 
totally  obliterated. 

The  stream  of  lava,  which  fills  the  narrow  gorge  * 
eastward  of  the  town  of  Praya,  judging  from  its  course, 
seems,  as  before  remarked,  to  have  come  from  Signal 
Post  Hill,  and  to  have  flowed  over  the  plain,  after  its 
elevation  :  the  same  observation  applies  to  a  stream 
(possibly  part  of  the  same  one)  capping  the  sea  cliffs,  a 
little  eastward  of  the  gorge.  When  I  endeavoured  to 
follow  these  streams  over  the  stony  level  plain,  which  is 
almost  destitute  of  soil  and  vegetation,  I  was  much 
surprised  to  find,  that  although  composed  of  hard 
basaltic  matter,  and  not  having  been  exposed  to  marine 
denudation,  all  distinct  traces  of  them  soon  become 
utterly  lost.  But  I  have  since  observed  at  the  Gala- 
pagos Archipelago,  that  it  is  often  imix)8sible  to  follow 
even  great  deluges  of  quite  recent  lava  across  older 
streams,  except  by  the  size  of  the  bushes  growing  on 
them,  or  by  the  comparative  states  of  glossiness  of  their 
surfaces,— characters  which  a  short  lapse  of  time  would 
be  suflicient  quite  to  obscure.  I  may  remark,  that  in  a 
country,  with  a  dry  climate,  and  with  the  wind  blowing 

'  The  sides  of  this  gorge,  where  the  tipper  basaltic  stratum  is 
intorst'ctcci,  are  almost  perpendicular.  The  lava,  which  has  since 
filled  it  up,  is  attachc<i  to  these  sides,  almost  as  firmly  as  a  dike  is  to 
its  walls.  In  most  cases,  where  a  stream  of  lava  has  flowed  down  a 
valley,  it  is  bounded  on  each  side  by  loose  scoriaceous  masses. 
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always  in  one  direction  (as  at  the  Cape  de  Verde  Archi- 
pelago), the  eflfects  of  atmospheric  degradation  are  pro- 
bably mnch  greater  than  would  at  first  be  expected ; 
for  soil  in  this  case  accumulates  only  in  a  few  protected 
hollows,  and  being  blown  in  one  direction,  it  is  always 
travelling  towards  the  sea  in  the  form  of  the  finest  dust, 
leaving  the  surface  of  the  rocks  bare,  and  exposed  to 
the  fall  effects  of  renewed  meteoric  action. 

Inland  hUU  of  more  ancient  volcanic  rocks, — These 
hills  are  laid  down  by  eye,  and  marked  as  A,  B,  C,  &c., 
in  the  woodcut-map.  They  are  related  in  mineralogical 
composition,  and  are  probably  directly  continuous  with 
the  lowest  rocks  exposed  on  the  coast.  These  hills, 
viewed  firom  a  distance,  appear  as  if  they  had  once 
formed  part  of  an  irregular  table-land,  and  from  their 
corresponding  structure  and  composition  this  probably 
has  been  the  case.  They  have  flat,  slightly  inclined 
summits,  and  are,  on  an  average,  about  600  feet  in 
height ;  they  present  their  steepest  slope  towards  the 
interior  of  the  island,  from  which  point  they  radiate 
outwards,  and  are  separated  from  each  other  by  broad 
and  deep  valleys,  through  which  the  great  streams  of 
lava,  forming  the  coast-plains,  have  descended.  Their 
inner  and  steeper  escarpments  are  ranged  in  an  ir- 
regular curve,  which  rudely  follows  the  line  of  the  shore, 
two  or  three  miles  inland  from  it.  I  ascended  a  few  of 
these  hills,  and  from  others,  which  I  was  able  to  examine 
with  a  telescope,  I  obtained  specimens,  through  the 
kindness  of  Mr.  Kent,  the  assistant-surgeon  of  the 
'  Beagle ';  although  by  these  means  I  am  acquainted  with 
only  apart  of  the  range,  five  or  six  miles  in  length,  yet 
I  scarcely  hesitate,  from  their  uniform  structure,  to 
affirm  that  they  are  parts  of  one  great  formation,  stretch- 
ing round  much  of  the  circumference  of  the  island. 

The   upper  and  lower  strata  of  these   hills  differ 
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greatly  in  composition.  The  upper  are  basaltic,  gener- 
ally compact,  but  sometimes  scoriaceous  and  amvgda- 
loidal,  with  associated  masses  of  wacke :  where  the  basalt 
is  compact,  it  is  either  fine-grained  or  very  coarsely 
crystallised ;  in  the  latter  case  it  passes  into  an  augitio 
rock,  containing  much  olivine;  the  olivine  is  either 
colourless,  or  of  the  usual  yellow  and  dull  reddish 
shades.  On  some  of  the  hills,  beds  of  calcareous  matter, 
both  in  an  earthy  and  in  a  crystalline  form,  including 
fragments  of  glossy  scoriaB,  are  associated  with  the 
basaltic  strata.  These  strata  differ  from  the  streams  of 
basaltic  lava  forming  the  coast-plains,  only  in  being 
more  compact,  and  in  the  crystals  of  augite,  and  in  the 
grains  of  olivine  being  of  much  greater  size ; — characters 
which,  together  with  the  appearance  of  the  associated 
calcareous  beds,  induce  me  to  believe  that  they  are  of 
submarine  formation. 

Some  considerable  masses  of  wacke,  which  are 
associated  with  these  basaltic  strata,  and  which  likewise 
occur  in  the  basal  series  on  the  coast,  especially  at 
Quail  Island,  are  curious.  They  consist  of  a  pale 
yellowish-green  argillaceous  substance,  of  a  crumbling 
texture  when  dry,  but  unctuous  when  moist :  in  its 
purest  form,  it  is  of  a  beautiful  green  tint,  with 
translucent  edges,  and  occasionally  with  obscure  traces 
of  an  original  cleavage.  Under  the  blowpipe  it  fuses 
very  readily  into  a  dark  gray,  and  sometimes  even  black 
bead,  which  is  slightly  magnetic.  From  these  char- 
acters, I  naturally  thought  that  it  was  one  of  the  pale 
BptH:ies,  decomposed,  of  the  genus  augite ;  —a  conclusion 
8upport<Hl  by  the  unaltered  rock  being  full  of  large 
8ei>arate  crjstals  of  black  augite,  and  of  balls  and 
irregular  streaks  of  dark  gray  augitic  rock.  As  the 
basalt  onlinarily  a>nsists  of  augite,  and  of  olivine  often 
tarnished  and  of  a  dull  red  colour,  I  was  led  to  examine 
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the  stages  of  decomposition  of  this  latter  mineral,  and 
I  foand,  to  my  surprise,  that  I  conld  trace  a  nearly 
perfect  gradation  from  unaltered  olivine  to  the  green 
wacke.  Part  of  the  same  gram  under  the  blowpif>e 
would  in  some  instances  behave  like  olivine,  its  colour 
l>eing  only  slightly  changed,  and  part  would  give  a 
black  magnetic  bead.  Hence  I  can  have  no  doubt  that 
the  greenish  wacke  originally  existed  as  olivine ;  but 
great  chemical  changes  must  have  been  effected  during 
the  act  of  decomposition  thus  to  have  altered  a  very 
hard,  transparent,  infusible  mineral,  into  a  soft,  unctu- 
ous, easily  melted,  argillaceous  substance.^ 

The  basal  strata  of  these  hills,  as  well  as  some 
neighbouring,  separate,  bare,  rounded  hillocks,  consist 
of  compact,  fine-grained,  non-crystalline  (or  so  slightly 
as  scarcely  to  be  perceptible,)  ferruginous  feldspathic 
rocks,  and  generally  in  a  state  of  semi-decomposition. 
Their  fracture  is  exceedingly  irregular,  and  splintery ; 
yet  small  fragments  are  often  very  tough.  They 
contain  much  ferruginous  matter,  either  in  the  form  of 
minute  grains  with  a  metallic  lustre,  or  of  brown  hair- 
like threads  :  the  rock  in  this  latter  case  assuming  a 
pseudo-brecciated  structure.  These  rocks  sometimes 
contain  mica  and  veins  of  agate.  Their  rusty  brown  or 
yellowish  colour  is  partly  due  to  the  oxides  of  iron,  but 

•  D'Aabuisson,  *Trait-6  de  G^ognosie '  (torn.  ii.  p.  569),  mentions, 
on  the  authority  of  M.  Marcel  de  Serres,  masses  of  green  earth  near 
Montpellier,  which  are  supposed  to  be  due  to  the  decomposition  of 
olivine.  I  do  not,  however,  find,  that  the  action  of  this  mineral 
under  the  blowpipe  being  entirely  altered,  as  it  becomes  decom- 
posed, has  been  noticed ;  and  the  knowledge  of  this  fact  is  im- 
portant,  as  at  first  it  appears  highly  improbable  that  a  hard, 
transparent,  refractory  mineral  should  be  changed  into  a  soft, 
easily-tosed,  clay,  like  this  of  St.  Jago.  I  shall  hereafter  describe 
a  green  substance,  forming  threads  within  the  cells  of  some  vehicular 
basaltic  rocks  in  Van  Diemen's  Land,  which  behave  under  the  blow- 
pipe  like  the  green  wacke  of  St.  Jago ;  but  its  occurrence  in 
cylindrical  threads,  shows  it  cannot  have  resulted  from  the  decom- 
position  of  olivine,  a  mineral  always  existing  in  the  form  of  graini 
or  crystals. 
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ciii^rflv  to  innumerable,  micrr  s?opically  minate,  black 
hp^;k»,   which,  when  a  fra'^'rj.ent  b  heated,  are  easily 
futi'td,  and  evidently  are  either  hornblende  or  angite. 
Th'rK;  nx-kn,  therefore,  although  at  first  appearing  like 
bak'td  clay  or  wmi<t  altered  sedimentary  deposit,  contain 
all    the   e)^»<rntial  in^rredients  of  trachyte;  from  which 
they  diff([:r  only  in  not  l>eing  harsh,  and  in  not  con- 
taining  cryHtalw   of    glassy   felds-par.     As  is  so  often 
the  CfiHe  with    trachvtic  fonnation,  no  stratification  is 
iM-re  apparent.     A  [Kjrson  would  not  readily  believe  that 
th<'.K4'.  rocks  a>uld  have  iloweil  as  lava;  yet  at  St.  Helena 
th<tre  are  w<'ll  characterised  streams  (as  will  be  described 
in  an  ensuing  chapter)  of  nearly  similar  composition. 
Amidst  the  hillocks  composed  of  these  rocks,  I  found  in 
threi!  [)luces,  smooth  conical  hills  of  phonolite,  abound- 
ing with  fine  crystals  of  glassy  feldspar,  and  with  needles 
of  hornbh^n<le.     These   cones  of  phonolite,  I  believe, 
biMir  the  name  relation  to  the  surrounding  feldspathic 
strata  which  some  masbes  of  coarsely  crystallised  augitic 
rock,  in  another  part  of  the  island,  bear  to  the  surround- 
ing basalt,  nam(»ly,  that  both  have  been  injected.     The 
rocks  of  a  feldspathic  nature  being  anterior  in  origin  to 
tlie  btisaltic  strata,  which  cap  them,  as  well  as  to  the 
basiiltic  streams  of  tlie  coast-plains,   accords  with  the 
usutJ  order  of  succosaion  of  these  two  grand  divisions  of 
the  volcanic  series. 

The  strata  of  most  of  these  hills  in  the  upper  part, 
whero  alone  the  planes  of  division  are  distinguishable, 
are  ini'lined  at  a  small  angle  from  the  interior  of  the 
island  towards  the  sea-coast.  The  inclination  is  not  the 
Siinu^  in  each  hill ;  in  that  marked  A  it  is  less  than 
in  1^  l>,  or  E ;  in  C  the  stmt  a  are  scarcely  deflected 
fr^m  a  horizontal  j^lane,  and  in  F  (as  far  as  I  could 
judge  without  ascending  it)  they  are  slightly  inclined 
in  a  reverse  direction,  that  is,  inwards  and  towards  the 
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centre  of  the  island.  Notwithstanding  these  differences 
of  inclination,  their  correspondence  in  external  form, 
and  in  the  composition  both  of  their  upper  and  lower 
parts, — their  relative  position  in  one  curved  line,  with 
their  steepest  sides  turned  inwards, — all  seem  to  show 
that  they  originally  formed  paiis  of  one  platform  ; 
which  platform,  as  before  remarked,  probably  extended 
round  a  considerable  portion  of  the  circumference  of 
the  island.  The  upper  strata  certainly  flowed  as  lava, 
and  probably  beneath  the  sea,  as  perhaps  did  the  lower 
feldspathic  masses:  how  then  come  these  strata  to 
hold  their  present  position,  and  whence  were  they 
erupted  ? 

In  the  centre  of  the  island  ^  there  are  lofty  moun- 
tains, but  they  are  separated  from  the  steep  inland 
flanks  of  these  hills  by  a  wide  space  of  lower  country : 
the  interior  mountains,  moreover,  seem  to  have  been 
the  source  of  those  great  streams  of  basaltic  lava  which, 
contracting  as  they  pass  between  the  bases  of  the  hilJs 
in  question,  expand  into  the  coast-plains.  Round  the 
shores  of  St.  Helena  there  is  a  rudely-formed  ring  of 
basaltic  rocks,  and  at  Mauritius  there  are  remnants  of 
another  such  a  ring  round  part,  if  not  round  the  whole, 
of  the  island ;  here  again  the  same  question  immediately 
occurs,  how  come  these  masses  to  hold  their  present 
position,  and  whence  were  they  eropted  ?  The  same 
answer,  whatever  it  may  be,  probably  applies  in  these 
three  cases ;  and  in  a  future  chapter  we  shall  recur  to 
this  subject. 

Valleys  near  the  coast. — These  are  broad,  very  flat, 

'  I  saw  very  little  of  the  inland  parts  of  the  island.  Near  the 
▼iUnge  of  St.  Domingo,  there  are  magnificent  cli^s  of  rather xx>arsely 
cr>'st<iUised  basaltic  lava.  Following  the  little  stream  in  itiis 
valley,  about  a  mile  above  the  village,  the  base  of  the  great  cUtf 
was  formed  of  a  compact  fine-grained  basalt,  confuraiably  covered 
by  a  bed  of  pebbles.  Near  Fnentes,  I  met  with  pap-  formed  Lilla  oi 
the  compact  feldspathic  series  of  rocks. 


26  St.  J  ago.  PART  L 

and  generally  bounded  by  low  cliff-formed  sides.  Por- 
tions of  the  basaltic  plain  are  sometimes  nearly  or  quite 
isolated  by  them ;  of  which  fact,  the  place  on  which 
the  town  of  Pray  a  stands  offers  an  instance.  The  great 
valley  west  of  the  town  has  its  bottom  filled  up  to  a 
depth  of  more  than  twenty  feet  by  well-rounded  pebbles, 
which  in  some  parts  are  firmly  cemented  together  by 
white  calcareous  matter.  There  can  be  no  doubt,  from 
the  form  of  these  valleys,  that  they  were  scooped  out  by 
the  waves  of  the  sea,  during  that  equable  elevation  of 
the  land,  of  which  the  horizontal  calcareous  deposit, 
with  its  existing  species  of  marine  remains,  gives  evi- 
dence. Considering  how  well  shells  have  been  preserved 
in  this  stratum,  it  is  singular  that  I  could  not  find  even  a 
single  small  fragment  of  shell  in  the  conglomera*^e  at 
the  bottom  of  the  valleys.  The  bed  of  pebbles  in  the 
valley  west  of  the  town  is  intersected  by  a  second  valley 
joining  it  as  a  tributary,  but  even  this  valley  appears 
much  too  wide  and  flat-bottomed  to  have  been  formed 
by  the  small  quantity  of  water,  which  falls  only  during 
one  short  wet  season ;  for  at  other  times  of  the  year 
these  valleys  are  absolutely  dry. 

Recent  conglomerate.  —  On  the  shores  of  Quail 
Island,  I  found  fragments  of  brick,  bolts  of  iron, 
pebbles,  and  large  fragments  of  basalt,  united  by  a 
scanty  base  of  impure  calcareous  matter  into  a  firm 
conglomerate.  To  show  how  exceedingly  firm  this  recent 
conglomerate  is,  I  may  mention,  that  I  endeavoured 
with  a  heavy  geological  hammer  to  knock  out  a  thick 
bolt  of  iron,  which  was  embedded  a  little  above  low- 
water  mark,  but  was  quite  unable  to  succeed. 
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Febnaudo  Nobokha — Precipitous  MUef  pkmoUte,  Tercetra^ 
Traehfitio  rocks;  their  singular  decomposition,  b^  steam  of  high  ttm» 
ptrature.  TAHITI — Passage  from  nrocke  into  trap  ;  singniar  voi^ 
eattic  roek  with  the  resides  ha^  JilUd  nrith  mcsotype,  Maubitius 
— Proofs  cf  its  reeent  elevatieit — Structure  ijf  its  more  ancient 
mountains  ;  similarity  with  St.  Jago.  St.  Paul*8  ILocKS^Not  rf 
volcanic  origin — their  singular  mintraXogical  composition, 

Fernando  Noronha. — During  our  short  visit  at  this 
and  the  four  following  islands,  I  observed  very  little 
wortty  of  description.  Fernando  Noronha  is  situated 
in  the  Atlantic  Ocean,  in  lat.  8°  50'  S.,  and  230  miles 
distant  from  the  coast  of  South  America.  It  consists 
of  several  islets,  together  nine  miles  in  length  by  three 
in  breadth.  The  whole  seems  to  be  of  volcanic  origin ; 
although  there  is  no  appearance  of  any  crater,  or  of  any 
one  central  eminence.  The  most  remarkable  feature 
is  a  hill  1,000  feet  high,  of  which  the  upper  400  feet 
consist  of  a  precipitous,  singularly  shaped  pinnacle, 
formed  of  columnar  plionolite,  containing  numerous 
crystals  of  glassy  feldspar,  and  a  few  needles  of  horn- 
blende. From  the  highest  accessible  point  of  this  hill, 
I  could  distinguish  in  different  parts  of 'the  group 
several  other  conical  hills,  apparently  of  the  same  nature. 
At  St.  Helena  there  are  similar,  great,  conical,  protu- 
berant masses  of  phonolite,  nearly  1,000  feet  in  height, 
which  have  been  formed  by  the  injection  of  fluid  feld-^ 
spathic  lava  into  yielding  strata.     If  this  hill  has  bad, 
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*A  \%  prfA/nhlf:,  a  similar  cn^ru  d^ncdacion  Las  been 
fc^rr*;  triff'fitf^l  ^m  an  ^iiiormoca  scale.  X»?ar  the  base  of 
tutn  hill,  I  oJiJKrrvid  beda  of  white  mff,  intersected 
fr«'  r.-irn^d^iiifl  dikf^.  srrne  oc*  amvedaloidal  basalt  and 
f^.hf-Tn  of  tra^;hjte;  and  beds  of  «Iaty  phonolite  with 
thn  pUtnfH  of  clfAvajre  directed  XW.  and  SE.  Parts 
of  thijf  r<K:k,  where  the  crv^tal*  were  scantv,  cloeelv  Pfr- 
ft^TTTkbl^'d  common  clav-«Iate.  altered  bv  the  contact  of  a 
traf>-<like.  The  lamination  of  rocks,  which  nndoabtedly 
have  once  been  fluid,  appears  to  me  a  subject  well  deserv- 
ing attention.  On  the  beach  there  were  namerons  frag- 
ments of  compact  basalt,  of  which  rock  a  distant  facade 
of  columns  seemed  to  be  formed. 

Teroiira  in  the  Azores. — The  centra]  parts  of  this 
iflland  consist  of  irregularly  rounded  mountains  of  no 
gn;ftt  elevation,  comjiosed  of  trachyte,  which  closely 
rew^mbles  in  general  character  the  trachyte  of  Ascension, 
pH'sently  to  l>e  described.  This  formation  is  in  many 
parts  overlaid,  in  the  usual  order  of  superposition,  by 
Btr(*amH  of  basaltic  lava,  which  near  the  coast  compose 
nearly  the  whole  surface.  The  course  which  these 
streams  have  followed  from  their  craters,  can  often  be 
followed  by  the  eye.  The  town  of  Angra  is  overlooked 
by  a  crateriform  hill  (Mount  Brazil),  entirely  built  of 
thin  strata  of  fine-grained,  harsh,  brown-coloured  tuff. 
I'lm  upper  beds  are  seen  to  overlap  the  basaltic  streams 
on  which  the  town  stands.  This  hill  is  almost  iden- 
ti(Mil  in  structure  and  composition  with  numerous  crater- 
formed  hills  in  the  Galapagos  Archipelago. 

Effiu-iH  of  steam  on  the  trachytic  rod's. — In  the 
rent  ral  part  of  the  island  there  is  a  spot,  where  steam 
is  ronstantly  issuing  in  jets  from  the  bottom  of  a  small 
raviiu>-liko  hollow,  which  has  no  exit,  and  which  abuts 
against  a  range  of  trachytic  mountains.  The  steam  is 
emitted  from  several  irregular  fissures:  it  is  scentless, 
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Boon  blackens  iron,  and  is  of  much  too  high  temperature 
to  be  endured  by  the  hand.  The  manner  in  which  the 
solid  trachyte  is  changed  on  the  borders  of  these  orifices 
is  curious:  first,  the  base  becomes  earthy,  with  red 
freckles  evidently  due  to  the  oxidation  of  particles  of 
iron ;  then  it  becomes  soft ;  and  lastly,  even  the  cr}' stale 
of  glassy  feldspar  yield  to  the  dissolving  agent.  After 
the  mass  is  converted  into  clay,  the  oxide  of  iron  seems 
to  be  entirely  removed  from  some  parts,  which  are  left 
perfectly  white,  whilst  in  other  neighbouring  parts, 
which  are  of  the  brightest  red  colour,  it  seems  to  be 
deposited  in  greater  quantity ;  some  other  masses  are 
marbled  with  the  two  distinct  colours.  Portions  of  the 
white  clay,  now  that  they  are  dry,  cannot  be  distinguished 
by  the  eye  from  the  finest  prepared  chalk ;  and  when 
placed  between  the  teeth  they  feel  equally  soft-grained ; 
the  inhabitants  use  this  substance  for  white-washing 
their  houses.  The  cause  of  the  iron  being  dissolved  in 
one  part,  and  close  by  being  again  deposited,  is  obscure; 
but  the  fact  has  been  observed  in  several  other  phices.* 
In  some  half-decayed  specimens,  I  found  small,  globular, 
aggregations  of  yellow  hyalite,  resembling  gum-arabic, 
which  no  doubt  had  been  deposited  by  the  steam. 

As  there  is  no  escape  for  the  rain-water,  which 
trickles  down  the  sides  of  the  ravine-like  hollow,  whence 
the  steam  issues,  it  must  all  percolate  downwards 
through  the  fissures  at  its  bottom.  Some  of  the  in- 
habitants informed  me  that  it  was  on  lecord  that 
flames  (some  luminous  appearance?)  had  originally 
proceeded  from  these  cracks,  and  that  the  flames  had 

*  Spallanzani,  Dolomieu  and  Hoffman  have  described  similar 
cases  in  the  Italian  volcanic  islands.  Dolomieu  says  the  iron  at  the 
Panza  Islands  is  redeposited  in  the  form  of  veins  (p.  86,  *  Memoire 
sarles  Isles  Ponces').  These  authors  likewise  believe  that  the  steam 
deposits  silica :  it  is  now  experimentally  knowu  thai  vapour  of  a 
hi^h  temperature  is  able  to  dissolve  ailioa. 
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been  succeeded  by  the  steam ;  but  I  was  not  able  to 
ascertain  how  long  this  was  ago,  or  anything  certain  on 
the  subject.  When  viewing  the  spot,  I  imagined  that 
tlie  injection  of  a  large  mass  of  rock,  like  the  cone  of 
plionolite  at  Fernando  Noronha,  in  a  semi-fluid  state,  by 
arching  the  surface  might  have  caused  a  wedge-shaped 
hollow  with  cracks  at  the  bottom,  and  that  the  rain- 
water percolating  to  tKe  neighbourhood  of  the  heated 
mass,  would  during  many  succeeding  years  be  driven 
back  in  the  form  of  steam. 

Tahiti  (Otaheite), — I  visited  only  a  part  of  the 
north-western  side  of  this  island,  and  this  part  is  en- 
tirely composed  of  volcanic  rocks.  Kear  the  coast  there 
are  several  varieties  of  basalt,  some  abounding  with 
large  crj'stals  of  augite  and  tarnished  olivine,  others 
compact  and  eart^hy, — some  slightly  vesicular,  and 
others  occasionally  amygdaloidal.  These  rocks  are 
generally  much  decomposed,  and  to  my  surprise,  I  found 
in  several  sections  that  it  was  impossible  to  distinguish, 
even  approximately,  the  line  of  separation  between  the 
dexiayed  lava  and  the  alternating  beds  of -tuff.  Since 
the  specimens  have  l)ecome  dry,  it  is  rather  more  easy 
to  distinguish  the  decomposed  igneous  rocks  from  the 
sedimentary  tuffs.  This  gradation  in  character  be- 
tween rocks  having  such  widely  different  origins,  may  I 
think  be  explained  by  the  yielding  under  pressure  of 
the  softened  sides  of  the  vesicular  cavities,  which  in 
many  volcanic  rocks  occupy  a  large  proportion  of  their 
bulk.  As  the  vesicles  generally  increase  in  size  and 
nuiuber  in  the  upper  parts  of  a  stream  of  lava,  so  would 
the  effects  of  the^r  compression  increase;  the  yielding, 
monjover,  of  each  lower  vesicle  must  tend  to  disturb  all 
the  softened  matter  above  it.  Hence  we  might  expect 
to  trace  a  p(»ifect  gradation  from  an  unaltered  crystal- 
line rock  to  one  in  which  all  the  particles  (although 
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originally  forming  part  of  the  same  solid  mass)  bad 
nndergoce  mechanical  displacement ;  and  such  particles 
could  hardly  be  distinguished  from  others  of  similar 
composition,  which  had  been  deposited  as  sediment. 
As  lavas  are  sometimes  laminated  in  their  upper  parts, 
even  horizontal  lines,  appearing  like  those  of  aqueous 
deposition,  could  not  in  all  cases  be  relied  on  as  a 
criterion  of  sedimentary  origin.  From  these  considera- 
tions it  is  not  surprising  that  formerly  many  geologists 
believed  in  real  transitions  from  aqueous  deposits, 
through  wacke,  into  igneous  traps. 

In  the  valley  of  Tia-auru,  the  commonest  rocks  are 
basalts  with  much  olivine,  and  in  some  cases  almost 
composed  of  large  crystals  of  augite.  I  picked  up  some 
specimens,  with  much  glassy  feldspar,  approaching  in 
character  to  trachyte.  There  were  also  many  large 
blocks  of  vesicular  basalt,  with  the  cavities  beautifully 
lined  with  chabasie  (?),  and  radiating  bundles  of  meso- 
type.  Some  of  these  specimens  presented  a  curious 
appearance,  owing  to  a  number  of  the  vesicles  being 
half  filled  up  with  a  white,  soft,  earthy  mesotypic 
mineral,  which  intumesced  under  the  blowpipe  in 
a  remarkable  manner.  As  the  upper  surfaces  in  all 
the  half-filled  cells  are  exactly  parallel,  it  is  evident 
that  this  substance  has  sunk  to  the  bottom  of  each  cell 
from  its  weight.  Sometimes,  however,  it  entirely  fills 
the  cells.  Other  cells  are  either  quite  filled,  or  lined, 
with  small  crystals,  apparently  of  chabasie ;  these 
crystals,  also,  frequently  line  the  upper  half  of  the  cells 
partly  filled  with  the  earthy  mineral,  as  well  as  the 
upper  surface  of  this  substance  itself,  in  which  ease  the 
two  minerals  appear  to  blend  into  each  other.  I  tave 
never  seen  any  other  amygdaloid  ^  with  the  cells  }ialf 

'  MacCnlloch,  however,  bns  described  and  given    a  plate  of 
'  Oeolog.  Trans./  1st  Series,  vol.  iv.  p.  225)  a  trap  rock,  with  cavities 
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filled  in  the  manner  here  described ;  and  it  is  difficult 
to  imagine  the  causes  which  determined  the  earthy 
mineral  to  sink  from  its  gravity  to  the  bottom  of  the 
cells,  and  the  crystalline  mineral  to  adhere  in  a  coating 
of  equal  thickness  round  the  sides  of  the  cells. 

The  basaltic  strata  on  the  sides  of  the  valley  ai'e 
gently  inclined  seaward,  and  I  nowhere  observed  any 
sign  of  disturbance ;  the  strata  are  separated  from  each 
other  by  thick,  compact  beds  of  conglomerate,  in  which 
the  fragments  are  large,  some  being  rounded,  but  most 
angular.  From  the  character  of  these  beds,  from  the 
compact  and  crystalline  condition  of  most  of  the  lavas, 
and  from  the  nature  of  the  infiltrated  minerals,  I  was 
led  to  conjecture  that  they  had  originally  flowed  beneath 
the  sea.  This  conclusion  agrees  with  the  fact  that  the 
Rev.  W.  Ellis  found  marine  remains  at  a  considerable 
height,  which  he  believes  were  interstratified  with 
volcanic  matter ;  as  is  likewise  described  to  be  the  case 
by  Messrs.  Tyerman  and  Bennett  at  Huaheine,  an  island 
in  this  same  archipelago.  Mr.  Stutchbury  also  .dis- 
covered near  the  summit  of  one  of  the  lofliest  moun- 
tains of  Tahiti,  at  the  height  of  several  thousand  feet, 
a  stratum  of  semi-fossil  coral.  None  of  these  remains 
have  been  specifically  examined.  On  the  coast,  where 
masses  of  coral  rock  would  have  afforded  the  clearest  evi- 
dence, I  looked  in  vain  for  any  signs  of  recent  elevation. 
For  references  to  the  above  authorities,  and  for  more 
detailed  reasons  for  not  believing  that  Tahiti  has  been 
recently  elevated,  I  must  refer  to  my  volume  on  the 
*  Structure  and  Distribution  of  Coral  Reefs '  (p.  138  of 
the  1st  edit.,  or  p.  182  of  the  2nd.  edit.). 

filled  up  horizontally  with  quartz  and  chalce<lony.  The  upper 
halves  of  these  cavities  are  often  filled  by  layers,  which  follow  each 
irreg^ularity  of  the  surface,  and  by  little  depending  stalactites  of  the 
same  siliceous  substances. 
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MauritiiLS,  —  Approachmg  this  island  on  the 
northern  or  north-western  side,  a  curved  chain  of  bold 
mountains,  surmounted  by  rugged  pinnacles,  is  seen  to 
rise  fix)m  a  smooth  border  of  cultivated  land,  which 
gently  slopes  down  to  the  coast.  At  the  first  glance, 
one  is  tempted  to  believe  that  the  sea  lately  reached 
the  base  of  these  mountains,  and  upon  examination, 
this  view,  at  lea3t  with  respect  to  the  inferior  parts  of 
the  border,  is  found  to  be  perfectly  correct.  Several 
authors  ^  have  described  masses  pf  upraised  coral  rock 
round  the  greater  part  of  the  circumference  of  the 
island.  Between  Tamarin  Bay  and  the  Great  Black 
River  I  observed,  in  company  with  Capt.  Lloyd,  two 
hillocks  of  coral  rock,  formed  in  their  lower  part  of 
hard  calcareous  sandstone,  and  in  their  upper  of  great 
blocks,  slightly  aggregated,  of  Astraea  and  Madrepora, 
and  of  fragments  of  basalt ;  they  were  divided  into  beds 
dipping  seaward,  in  one  case  at  an  angle  of  8°,  and  in 
the  other  at  18°;  they  had  a  water- worn  appearance, 
and  they  rose  abruptly  from  a  smooth  surface,  strewed 
with  rolled  debris  of  organic  remains,  to  a  height  of 
about  twenty  feet.  The  Officier  du  Roi,  in  his  most 
interesting  tour  in  1768  round  the  island,  has  described 
masses  of  upraised  coral  rocks,  still  retaining  that  moat- 
like structure  (see  *  Coral  Reefs,'  2nd  edit.  p.  69) 
which  is  characteristic  of  the  living  reefs.  On  the 
coast  northward  of  Port  Louis,  I  found  the  lava  con- 
cealed for  a  considerable  space  inland  by  a  conglo- 
merate of  corals  and  shells,  like  those  on  the  beach, 
but  in  parts  consolidated  by  red  ferruginous  matter. 

*  Captain  Carmiohael,  in  Hooker's  <Bot.  Misc.'  vol.  11.  p.  301. 
Captain  Lloyd  has  lately,  in  the  *  Proceedings  of  the  Geological 
Society '  (vol.  ilL  p.  317),  described  carefully  some  of  these  masses. 
In  ihe  *  Voyage  £  I'lsle  de  France,  par  un  Officier  du  Roi,'  many 
interesting  facts  are  given  on  this  subject.  Consult  also  *  Voyage 
auz  Qaatre  Isles  d'Afrique,  par  M.  Bory  St.  Vincent.' 
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M.  B017  Sf.  Vincent  has  described  similar  calcareous  beds 
over  nearly  the  whole  of  the  plain  of  Pampleraonsses. 
Near  Port  Lonis,  when  tnming  over  some  large  stones, 
which  lay  in  the  bed  of  a  stream  at  the  head  of  a  pro- 
tectee] creek,  and  at  the  height  of  some  yards  above  the 
level  of  spring  tides,  I  found  several  shells  of  serpula 
still  adhering  to  their  under  sides. 

The  jagged  mountains  near  Port  Lonis  rise  to  a 
height  of  between  2,000  and  3,000  feet ;  they  consist 
of  strata  of  basalt,  obscurely  separated  from  each  other 
by  firmly  aggregated  beds  of  fragmentary  matter ;  and 
they  are  intersected  by  a  few  vertical  dikes.  The 
basalt  in  some  parts  abounds  with  large  crystals  of 
augite  and  olivine,  and  is  generally  compact.  The 
interior  of  the  island  forms  a  plain,  raised  probably 
about  a  thousand  feet  above  the  level  of  .the  sea,  and 
composed  of  streams  of  lava  which  have  flowed  round 
and  between  the  rugged  basaltic  mountains.  These 
nA>re  recent  lavas  ai*e  also  basaltic,  but  less  compact, 
and  some  of  them  abound  with  feldspar,  so  that  they 
even  fuse  into  a  pale  coloured  glass.  On  the  banks  of 
the  Great  River,  a  section  is  exposed  nearly  500  feet 
deep,  worn  through  numerous  thin  sheets  of  the  lava  of 
this  series,  which  are  separated  from  each  other  by  beds 
of  scoriae.  They  seem  to  have  been  of  subaerial  forma- 
tion, and  to  have  flowed  from  several  points  of  eruption 
on  the  central  platform,  of  which  the  Piton  du  Milieu 
ifl  Haid  to  be  the  principal  one.  There  are  also  several 
volcanic  cones,  apparently  of  this  modem  period,  round 
the  circumference  of  the  island,  especially  at  the 
northern  end,  where  they  form  separate  islets. 

The  mountains  composed  of  the  more  compact  and 
crystfilline  basalt,  form  the  main  skeleton  of  the  island. 
M.  Builly  *  states  that  they  all  *  se  d6veloppent  autour 

'  *  Voyage  anx  Torres  Anstrales/  torn.  i.  p.  64. 


^ 


Chap.  n.  Mauritius.  35 

d'elle  comme  une  ceinture  d'immenses  remparts,  toutes 
affectant  une  pente  plus  ou  moins  inclin^e  vers  le  rivage 
de  la  mer ;  tandis,  au  contraire,  que  vers  le  centre  de 
Tile  elles  pr6sentent  une  coupe  abrupte,  et  souvent 
taill6e  k  pic.  Toutes  ces  montagnes  sont  fonn^es  de 
couches  parall^les  inclin6es  du  Centre  de  Tile  vers  la 
mer/  These  statements  have  been  disputed,  though 
not  in  detail,  by  M.  Quoy,  in  the  voyage  of  Freycinet. 
As  far  as  my  limited  means  of  observation  went,  I 
found  them  perfectly  correct.*  The  mountains  on  the 
NW.  side  of  the  island,  which  I  examined,  namely,  La 
Pouce,  Peter  Botts,  Corps  de  Garde,  Les  Mamelles, 
and  apparently  another  farther  southward,  have  pre- 
cisely the  external  shape  and  stratification  described  by 
M  Bailly.  They  form  about  a  quarter  of  his  girdle  of 
ramparts.  Although  these  mountains  now  stand  quite 
detached,  being  separated  from  each  other  by  breaches, 
even  several  miles  in  width,  through  which  deluges  of 
lava  have  flowed  from  the  interior  of  the  island ;  never- 
theless, seeing  their  close  general  similarity,  one  must 
feel  convinced  that  they  originally  formed  parts  of  one 
continuous  mass.  Judging  from  the  beautiful  map  of 
the  Mauritius,  published  by  the  Admiralty  from  a 
French  MS.,  there  is  a  range  of  mountains  (M.  Bamboo) 
on  the  opposite  side  of  the  island,  which  correspond  in 
height,  relative  position,  and  external  form,  with  those 
just  described.  Whether  the  gii'dle  was  ever  complete 
may  well  be  doubted ;  but  from  M.  Bailly's  statements, 
and  my  own  observations,  it  may  be  safely  concluded  that 
mountains  with  precipitous  inland  flanks,  and  composed 
of  strata  dipping  outwards,  once  extended  round  a  con- 
siderable portion  of  the  circumference  of  the  island. 
The  ring  appears  to  have  been  oval  and  of  vast  size  ;  its 

>  M.  Lesson,  in  his  account  of  the  island,  in  the  vo/age  of  the 
'  Coquille,'  seems  to  follow  H.  Bailly 's  views. 
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shorter  axis,  measured  across  from  the  inner  sides  of 
the  mountains  near  Port  Louis  and  those  near  Grand 
Port,  being  no  less  than  thirteen  geographical  miles  ia 
length.  M.  Bailly  boldly  supposes  that  this  enormous 
gulf,  which  has  since  been  filled  up  to  a  great  extent 
by  streams  of  modem  lava,  was  formed  by  the  sinking 
in  of  the  whole  upper  part  of  one  great  volcano. 

It  is  singular  in  how  many  respects  those  portions 
of  St.  Jago  and  of  Mauritius  which  I  visited  agree  in 
their  geological  history.  At  both  islands,  mountains 
of  similar  external  form,  stratification,  and  (at  least  in 
their  upper  beds)  composition,  follow  in  a  curved  chain 
the  coast-line.  These  mountains  in  each  case  appear 
originally  to  have  formed  parts  of  one  continuous  mass. 
The  basaltic  strata  of  which  they  are  composed,  from 
their  compact  and  crystalline  structure,  seem,  when 
contrasted  with  the  neighbouring  basaltic  streams  of 
subaerial  formation,  to  have  flowed  beneath  the  pressure 
of  the  sea,  and  to  have  been  subsequently  elevated. 
We  may  suppose  that  the  wide  breaches  between  the 
mountains  were  in  both  cases  worn  by  the  waves, 
during  their  gradual  elevation — of  which  process,  within 
recent  times,  there  is  abundant  evidence  on  the  coast- 
land  of  both  islands.  At  both,  vast  streams  of  more 
recent  basaltic  lavas  have  flowed  from  the  interior  of 
the  island,  round  and  between  the  ancient  basaltic  hills ; 
at  both,  moreover,  recent  cones  of  eruption  are  scattered 
around  the  circumference  of  the  island ;  but  at  neither 
have  eruptions  taken  place  within  the  period  of  history. 
As  remarked  in  the  last  chapter,  it  is  probable  that 
these  ancient  basaltic  mountains,  which  resemble  (at 
least  in  many  respects)  the  basal  and  disturbed  remnants 
of  two  gigantic  volcanos,  owe  their  present  form,  struc- 
ture, and  position,  to  the  action  of  similar  causes. 

Si.  PauFa  Rocks. — This  small  island  is  situated  in 
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the  Atlantic  Ocean,  nearly  one  degree  north  of  the 
equator,  and  540  miles  distant  from  South  America,  in 
29°  15'  west  longitude.  Its  highest  point  is  scarcely 
fifty  feet  above  the  level  of  the  sea;  its  outline  is 
irregular,  and  its  entire  circumference  barely  three- 
quarters  of  a  mile.  This  little  point  of  rock  rises 
abruptly  out  of  the  ocean  ;  and,  except  on  its  western 
side,  soundings  were  not  obtained,  even  at  the  short 
distance  of  a  quarter  of  a  mile  from  its  shore.  It  is 
not  of  volcanic  origin  ;  and  this  circumstance,  which  is 
the  mest  remarkable  point  in  its  history  (as  will  here- 
after be  referred  to),  properly  ought  to  exclude  it  from 
the  present  volume.  It  is  composed  of  rocks,  unlike 
any  which  I  have  met  with,  and  which  I  cannot  charac- 
terise by  any  name,  and  must  therefore  describe. 

The  simplest,  and  one  of  the  most  abundant  kinds, 
is  a  very  compact,  heavy,  greenish-black  rock,  having 
an  angular,  irregular  fracture,  with  some  points  just 
hard  enough  to  scratch  glass,  and  infusible.  This 
variety  passes  into  others  of  paler  green  tints,  less  hard, 
but  with  a  more  crystalline  fracture,  and  translucent  on 
their  edges ;  and  these  are  fusible  into  a  green  enamel. 
Several  other  varieties  are  chiefly  characterised  by 
containing  innumerable  threads  of  dark-green  serpen- 
tine, and  by  having  calcareous  matter  in  their  inter- 
stices. These  rocks  have  an  obscure,  concretionary 
structure,  and  are  full  of  variously-coloured  angular 
pseudo  fragments.  These  angular  pseudo  fragments 
Ouiisist  of  the  first-described  dark  green  rock,  of  a  brown 
softer  kind,  of  serpentine,  and  of  a  yellowish  harsh  stone, 
which,  perhaps,  is  related  to  serpentine  rock.  There 
are  other  vesicular,  calcareo-ferruginous,  soft  stones. 
There  is  no  distinct  stratification,  but  parts  are  imper- 
fectly laminated ;  and  the  whole  abounds  with  innu- 
merable veins,  and  vein-like  masses,   both  small  and 
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large.  Of  these  vein-like  masses,  some  calcareons  ones, 
which  contain  minute  fragments  of  shells,  are  clearly 
of  subsequent  origin  to  the  others. 

A  glossy  incrustation. — Extensive  portions  of  these 
rocks  are  coated  by  a  layer  of  a  glossy  polished  sub- 
stance, with  a  pearly  lustre  and  of  a  grayish  white 
colour ;  it  follows  all  the  inequalities  of  the  surface,  to 
which  it  is  firmly  attached.  When  examined  with  a 
lens,  it  is  found  to  consist  of  numerous  exceedingly  thin 
layers,  their  aggregate  thickness  being  alwut  the  tenth 
of  an  inch.  It  is  considerably  harder  than  calcareous 
spar,  but  can  be  scratched  with  a  knife ;  under  the 
blowpipe  it  scales  off,  decrepitates,  slightly  blackens, 
emits  a  fetid  odour,  and  becomes  strongly  alkaline  :  it 
does  not  effervesce  in  acids. ^  I  presume  this  substance 
has  been  deposited  by  water  draining  from  the  birds* 
dung,  with  which  the  rocks  are  covered.  At  Ascension, 
near  a  cavity  in  the  rocks  which  was  filled  with  a 
laminated  mass  of  infiltrated  birds'  dung,  I  found  some 
irregularly-formed,  stalactitical  masses  of  apparently 
the  same  nature.  These  masses,  when  broken,  had  an 
earthy  texture  ;  but  on  their  outsides,  and  especially  at 
their  extremities,  they  were  formed  of  a  pearly  sub- 
stance, generally  in  little  globules,  like  the  enamel  of 
teeth,  but  more  translucent,  and  so  hard  as  just  to 
scratch  plate-glass.  This  substance  slightly  blackens 
under  the  blowpipe,  emits  a  bad  smell,  then  becomes 
quite  white,  swelling  a  little,  and  fuses  into  a  dull  white 
enamel ;  it  does  not  become  alkaline ;  nor  does  it 
effervesce  in  acids.  The  whole  mass  had  a  collapsed 
appearance,  as  if  in  the  formation  of  the  hard  glossy 
crust  the  whole  had  shrunk  much.  At  the  Abrolhos 
Islands  on  the  coast  of  Brazil,  where  also  there  is  much 

*  In  my  Journal  I  have  described  this  subsiaiice ;  I  then  believed 
that  it  was  an  impure  phosphate  of  lime. 
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birds'  dung,  I  fonnd  a  great  qaantity  of  a  brown, 
arborescent  substance  adhering  to  some  trap-rock.  In 
its  arborescent  form,  this  substance  singularly  resembles 
some  of  the  branched  species  of  Nullipora.  Under  the 
blowpipe,  it  behaves  like  the  specimens  firom  Ascension; 
but  it  is  less  hard  and  glossy,  and  the  surface  has  not 
the  shrunk  appearanoa. 
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ASCENSION. 

BcLsaUie  lavas — ITumerotis  eratert  truncated  an  the  same  aide-^ 
Singular  structure  ofrolcanic  hofnbt — A'eriform  explonom — Ejected 
granitic fragmenti — Trarhytic  rooks — Singular  veins — Jasper^  its 
manner  cf  formation — Concreiitms  in  pumiceous  tuff — Calearetms 
deposits  and  frondescrnt  incrustations  on  the  ciHi^t— Remarkable 
laminated  beds,  alternating  with,  and  passing  into  obsidian — 
Origin  of  obsidian — Lamination  oj  volcanic  rocks. 

This  island  is  situated  in  the  Atlantic  Ocean,  in  lat.  8® 
S.,  long.  14°  W.  It  has  the  form  of  an  irregular  triangle 
(see  accompanying  Map),  each  side  being  about  six 
miles  in  length.  Its  highest  point  is  2,870  feet*  above 
the  level  of  the  sea.  The  whole  is  volcanic,  and,  from 
the  absence  of  proofs  to  the  contrary,  I  believe  of  sub- 
aerial  orgin.  The  fundamental  rock  is  everywhere  of 
a  pale  colour,  generally  compact,  and  of  a  feldspathic 
nature.  In  the  SE.  portion  of  the  island,  where  the 
highest  land  is  situated,  well  characterised  trachyte, 
and  other  congenerous  rocks  of  that  varying  family, 
occur.  Nearly  the  entire  circumference  is  covered  up 
by  black  and  rugged  streams  of  basaltic  lava,  with  here 
and  there  a  hill  or  single  point  of  rock  (one  of  which 
near  the  sea-coast,  north  of  the  Fort,  is  only  two  or 
three  yards  across)  of  the  ti'achyte  still  remaining 
exposed. 

Basaltic  rocks. — The   overlying   basaltic   lava  is  in 

■  *Geogzaphical  Journal/  vol  v.  p.  243. 
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Bome  parts  extremely  vesicular,  in  others  little  so ;  it  is 
of  a  black  colour,  but  sometimes  contains  crystals  of 
glassy  feldspar,  and  seldom  much  olivine.  These 
streams  appear  to  have  possessed  singularly  little 
fluidity;  their  side  walls  and  lower  ends  being  very 
steep,  and  even  as  much  as  between  twenty  or  thirty 
feet  in  height.  Their  surface  is  extraordinarily  rugged, 
and  from  a  short  distance  appears  as  if  studded  with 
small  craters.  These  projections  consist  of  broad, 
irregularly  conical,  hillocks,  traversed  by  fissures,  and 
composed  of  the  same  unequally  scoriaceous  basalt  with 
the  surrounding  streams,  but  having  an  obscure  ten- 
dency to  a  columnar  structure ;  they  rise  to  a  height 
between  ten  and  thirty  feet  above  the  general  surface, 
and  have  been  formed,  as  I  presume,  by  the  heaping  up 
of  the  viscid  lava  at  points  of  greater  resistance.  At 
the  base  of  several  of  these  hillocks,  and  occasionally 
likewise  on  more  level  parts,  solid  ribs,  composed  of 
angulo-globular  masses  of  basalt,  resembling  in  size 
and  outline  arched  sewers  or  gutters  of  brickwork,  but 
not  being  hollow,  project  between  two  or  three  feet 
above  the  surface  of  the  streams;  what  their  origin 
may  have  been,  I  do  not  know.  Many  of  the  super- 
ficial fragments  from  these  basaltic  streams  present 
singularly  convoluted  forms ;  and  some  specimens  could 
hardly  be  distinguished  from  logs  of  dark-coloured  wood 
without  their  bark. 

Many  of  the  basaltic  streams  can  be  traced,  either 
to  points  of  eruption  at  the  base  of  the  great  central 
n>ass  of  trachyte,  or  to  separate,  conical,  red-coloured 
hills,  which  are  scattered  over  the  northern  and  western 
borders  of  the  island.  Standing  on  the  central  eminence, 
I  counted  between  twenty  and  thirty  of  these  cones  of 
eruption.  The  greater  number  of  them  had  their  trun- 
cated summits  cut  off  obliquely,  and   they  all  sloped 
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towards  the  SE.,  whence  the  trade-wind  blows.'  This 
structure  no  doubt  has  been  caused  by  the  ejected 
fragments  and  ashes  being  always  blown,  during  erup- 
tions, in  greater  quantity  towards  one  t^ide  than  towards 
the  other  M.  Moreau  de  Jonn^s  has  made  a  similar 
observation  with  respect  to  the  volcanic  orifices  in  the 
West  Indian  Islands. 

Vokama  bombs. — These  occur  in  great  numbers 
strewed  on  the  ground,  and  some  of  them  lie  at  con- 
aiderable  distances  from  any  points  of  eruption.  They 
vary  in  size  from  that  of  an  apple  to  that  of  a  man's 


body  ;  they  are  either  spherical  or  pear-Rhaped,  or  with 
the  hinder  part  (corresponding  to  the  tail  of  a  comet) 

'  M.  Iieason,  in  the  '  Zooloiiy  of  the  Voj-app  of  the  "  Coqnille  "' 
(p.  490).  has  obnervcd  this  facl.  Mr.  Henoah  ('  Geolog.  Proceedings,' 
1S3S,  p.  169)  farlber  remarks  Ihnt  the  most  extensive  beds  of  aihea 
■t  Aaoeiuion  iavaiiablj  oocni  on  the  leewaid  side  of  the  island. 
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irregular,  studded  with  projecting  points,  and  even 
concave.  Their  surfaces  are  rough,  and  fissured  with 
branching  cracks;  their  internal  structure  is  either 
irregularly  scoriaceous  and  compact,  or  it  presents  a 
symmetrical  and  very  curious  appearance.  An  irregular 
segment  of  a  bomb  of  this  latter  kind,  of  which  I 
found  several,  is  accurately  represented  in  the  accom- 
panying woodcut.  Its  size  was  about  that  of  a  man's 
head.  The  whole  interior  is  coarsely  cellular ;  the  cells 
averaging  in  diameter  about  the  tenth  of  an  inch  ;  but 
nearer  the  outside  they  gradually  decrease  in  size.  This 
part  is  succeeded  by  a  well-defined  shell  of  compact 
lava,  having  a  nearly  uniform  thickness  of  about  the 
third  of  an  inch ;  and  the  shell  is  overlaid  by  a  some- 
what thicker  coating  of  finely  cellular  lava  (the  cells 
varying  from  the  fiftieth  to  the  hundredth  of  an  inch  in 
diameter),  which  forms  the  external  surface  :  the  line 
separating  the  shell  of  compact  lava  from  the  outer 
scoriaceous  crust  is  distinctly  defined.  This  structure 
is  very  simply  explained,  if  we  suppose  a  mass  of  viscid, 
scoriaceous  matter,  to  be  projected  with  a  rapid,  pota- 
tory motion  through  the  air ;  for  whilst  the  external 
crust,  from  cooling,  became  solidified  (in  the  state  we 
now  see  it),  the  centrifugal  force,  by  relieving  the 
pressure  in  the  interior  parts  of  the  bomb,  would  allow 
the  heated  vapours  to  expand  their  cells ;  but  these 
being  driven  by  the  same  force  against  the  already- 
hardened  crust,  would  become,  the  nearer  they  were  to 
this  part,  smaller  and  smaller  or  less  expanded,  until 
they  became  packed  into  a  solid,  concentric  shell.  As 
we  know  that  chips  from  a  grindstone  ^  can  be  flirted 
ofl^,  when  made  to  revolve  with  sufficient  velocity,  we 
need  not  doubt  that  the  centrifugal  force  would  have 
power  to  modify  the  structure  of  a  softened  bomb,  in 

*  Niohors  ''Architecture  of  the  Heavens.' 
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the  manner  here  supposed.  Greolt^ste  have  remiu-ked, 
that  the  external  form  of  a  bomb  at  once  bespeaks  the 
history  of  its  aiSrial  course,  and  we  now  see  that  the 
interaal  stmcture  can  speak,  with  almost  equal  plainness, 
of  its  rotatory  movement. 

M.  Bory  St.  Vincent  '  bas  described  some  balls  of 
lava  from  the  Isle  of  Bourbon,  which  have  a  closely 
Bimilur  structare;  his  explanation,  however  (if  I  under- 
stand it  rightly),  is  very  different  from  that  which  I 
have  f^iven ;  for  he  supposes  that  they  have  rolled,  like 
8now-ba!Is,  down  the  sides  of  the  crater,  M,  Beudant,' 
also,  has  described  some  singular  little  balls  of  obsidian, 
never  more  than  six  or  eight  inches  in  diameter,  which 
he  found  strewed  on  the  surface  of  the  ground  i  their 
form  is  always  oval  ;  aoractimes  they  are  much  swpllen 
in  the  middle,  and  even  spindle-shaped  :  their  surface 
IS  regularly  marked  with  concentric  ridges  and  furrows, 
all  of  whicli  on  the  same  ball  are  at  right  angles  to  one 
ajds  :  their  interior  is  compact  and  glassy.  M.  Beudant 
supposes  that  masses  of  lava, 
when  soft.,  were  shot  into  the  air, 
with  a  rotatory  movement  ronnd 
the  same  axis,  and  that  the  form 
and  superficial  ridges  of  the 
bombs  were  thus  produced.  Sir 
Thomas  Mitchell  has  given  me 
what  at  6rst  appears  to  be  the 
half  of  a  much  flattened  oval  ball 
of  obsidian ;  it  has  a  singular 
artificial -I  ike  appearance,  which 
Vni™niohnn.bo'ni.«(-!i™frY.m  18  Well  represented  (of  the  natural 
^'^'ftint'rtSw?tilHn»«  size)  in  the  accompanying  wood- 

»slde  Timr  ol  tha  nm«  ob-    ^.^j,  j^    ^^     found    in    ItS   pie- 
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Bent  state,  on  a  great  sandy  plain  between  the  rivers 
Darling  and  Murray,  in  Australia,  and  at  the  distance 
of  several  hundred  miles  from  any  known  volcanic 
region.  It  seems  to  have  been  embedded  in  some 
reddish  tufaceous  matter;  and  may  have  been  trans- 
ported either  by  the  aborigines  or  by  natural  means. 
The  external  saucer  consists  of  compact  obsidian,  of  a 
bottle-green  colour,  and  is  filled  with  finely-cellular 
black  lava,  muct  less  transparent  and  glassy  than  the 
obsidian.  The  external  surface  is  marked  with  four 
or  five  not  quite  perfect  ridges,  which  are  represented 
rather  too  distinctly  in  the  woodcut.  Here  then  we 
have  the  external  structure  described  by  M.  Beudant, 
and  the  internal  cellular  condition  of  the  bombs  from 
Ascension.  The  lip  of  the  saucer  is  slightly  concave, 
exactly  like  the  margin  of  a  soup-plate,  and  its  inner 
edge  overlaps  a  little  the  central  cellular  lava.  This 
structure  is  so  symmetrical  round  the  entire  circum- 
ference, that  one  is  forced  to  suppose  that  the  bomb 
burst  during  its  rotatory  course,  before  being  quite 
solidified,  and  that  the  lip  and  edges  were  thus  slightly 
modified  and  turned  inwards.  It  may  be  remarked  that 
the  superficial  ridges  are  in  planes,  at  right  angles  to  an 
axis,  transverse  to  the  longer  axis  of  the  flattened  oval : 
to  explain  this  circumstance,  we  may  suppose  that  when 
the  bomb  burst,  the  axis  of  rotation  changed. 

A&nf(ynn  explosions, — ^The  flanks  of  Green  Moun- 
tain and  the  surrounding  country  are  covered  by  a 
great  mass,  some  hundred  feet  in  thickness,  of  loose 
fragments.  The  lower  beds  generally  consist  of  fine- 
grained, slightly  consolidated  tuffs,*  and  the  upper  beds 
of  great  loose  firagments,  with  alternating  finer  beds.^ 

>  Some  of  this  peperino,  or  tuff,  is  sufficiently  liard  not  to  be 
broken  by  the  greatest  force  of  the  fingers. 

*  On  the  northern  side  of  the  Green  Monntain  a  thin  seam,  about 
•n  inch  in  thickness,  of  compact  oxide  of  iron,  extends  over  a  con- 
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One  white  ribbon-like  layer  of  decoriiposed,  pamiceoas 
breccia,  was  curiously  bent  into  deep  unbroken  curves, 
beneath  each  of  the  larger  fragments  in  the  superin- 
cumbent stratum.  From  the  relative  position  of  these 
beds,  I  presume  that  a  narrow-mouthed  crater,  standing 
nearly  in  the  position  of  Green  Mountain,  like  a  great 
air-gun,  shot  forth,  before  its  final  extinction,  this  vast 
accumulation  of  loose  matter.  Subsequently  to  this 
event,  considerable  dislocations  have  taken  place,  and 
an  oval  circus  has  been  formed  by  subsidence.  This 
sunken  space  lies  at  the  north-eastern  foot  of  Green 
Mountain,  and  is  well  represented  in  the  accompanying 
map.  Its  longer  axis,  which  is  connected  with  a  NE. 
and  SW.  line  of  fissure,  is  three-fifths  of  a  nautical  mile 
in  length ;  its  sides  are  nearly  perpendicular,  except  in 
one  spot,  and  about  400  feet  in  height ;  they  consist,  in 
the  lower  part,  of  a  pale  basalt  with  feldspar,  and  in  the 
upper  part,  of  the  tuff  and  loose  ejected  fragments; 
the  bottom  is  smooth  and  level,  and  under  almost  any 
other  climate  a  deep  lake  would  have  been  formed 
here.  From  the  thickness  of  the  bed  of  loose  fragments, 
with  which  the  surrounding  country  is  covered,  the 
amount  of  aeriform  matter  necessary  for  their  projection 
must  have  been  enormous;  hence  we  may  suppose  it 
probable  that  after  the  explosions  vast  subterranean 
caverns  were  left,  and  that  the  falling  in  of  the  roof  of 
one  of  these  produced  the  hollow  here  described.  At 
the  Galapagos  Archipelago,  pits  of  a  similar  character, 

Biderable  area ;  it  lies  conformably  in  the  lower  part  of  the  stratified 
mass  of  ashes  and  fragments.  This  substance  is  of  a  reddish -brown 
colour,  with  an  almost  metallic  lustre ;  it  is  not  magnetic,  but  bo- 
comes  so  after  having  been  heated  under  the  blowpipe,  by  which  it 
is  blackened  and  partly  fused.  This  scam  of  compact  stone,  by 
intercepting  the  little  rain-wat«r  which  falls  on  the  island,  gives  rise 
to  a  small  dripping  spring,  first  discovered  by  Dampier.  It  is  the 
only  fresh-water  on  the  island,  so  that  the  possibility  of  its  being  in- 
habited has  entirely  depended  on  the  oocurrence  of  this  ferruginoui 
layer. 
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but  of  a  much  smaller  size,  frequently  occur  at  the  bases 
of  small  cones  of  eruption. 

'Ejected,  granitic  fragments,  —  In  the  neighbour- 
hood of  Green  Mountain,  fragments  of  extraneous  rock 
are  not  unfrequently  found  embedded  in  the  midst  of 
masses  of  scoriae.  Lieut.  Evans,  to  whose  kindness  I 
am  indebted  for  much  information,  gave  me  several 
specimens,  and  I  found  others  myself.  They  nearly  all 
have  a  granitic  structure,  are  brittle,  harsh  to  the  touch, 
and  apparently  of  altered  colours.  Firstj  a  white  syenite, 
streaked  and  mottled  with  red ;  it  consists  of  well 
crystallised  feldspar,  numerous  grains  of  quartz,  and 
brilliant,  though  small,  crystals  of  hornblende.  The 
feldspar  and  hornblende  in  this  and  the  succeeding 
cases  have  been  determined  by  the  reflecting  gonio- 
meter, and  the  quartz  by  its  action  under  the  blowpipe. 
The  feldspar  in  these  ejected  fragments,  like  the  glassy 
kind  in  the  trachyte,  is  from  its  cleavage  a  potash- 
feldspar.  Secondly,  a  brick-red  mass  of  feldspar,  quartz, 
and  small  dark  patches  of  a  decayed  mineral;  one 
minate  particle  of  which  I  was  able  to  ascertain,  by  its 
cleavage,  to  be  hornblende.  Thirdly,  a  mass  of  con- 
fusedly crystallised  white  feldspar,  with  little  nests  of  a 
dark  coloured  mineral,  often  carious,  externally  rounded, 
having  a  glossy  fracture,  but  no  distinct  cleavage :  from 
comparison  with  the  second  specimen,  1  have  no  doubt 
that  it  is  fused  hornblende.  Fourthly^  a  rock,  which 
at  first  appears  a  simple  aggregation  of  distinct  and 
large-sized  crystals  of  dusky-coloured  Labrador  feldspar  ;* 

*  Professor  Miller  has  been  so  kind  as  to  examine  this  mineral. 
He  obtained  two  good  cleavages  of  8G°  30'  and  86°  CC.  The  mean 
of  several,  which  I  made,  was  86°  SC.  Prof.  Miller  states  that  these 
crystals,  when  reduced  to  a  fine  powder,  are  soluble  in  hydrochlorio 
acid,  leaving  some  aodissolved  silex  behind ;  the  addition  of  oxalate 
of  ammonia  gives  a  copious  precipitate  of  lime.  He  further  re* 
marks,  that  according  to  Von  Kobell,  anorthite  (a  mineral  occurring 
in  the  ejected  fragments  at  Mount  Somna)  is  always  white  and 
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bat  in  ihf'AT  int^^Tstices  there  is  some  white  gnmalar 
feldnfifir,  ah'indant  scales  of  mica,  a  little  altered  hom- 
blfjndf;,  and,  as  I  belif;ve,  no  qaartz.  I  have  described 
th^;H^5  frri:/ments  in  detail,  because  it  is  rare  *  to  find 
irranitic  nxjks  ejected  from  volcanos  with  their  minerals 
nnAhtn^jfidy  as  is  the  case  with  the  first  specimen,  and 
partially  with  the  second.  One  other  large  frasrment, 
found  in  another  spot,  is  de.serving  of  notice ;  it  is  a 
c/(mir\(}xn(:r*\\%  containing  small  fragments  of  granitic, 
r^^dlular.  and  j as pery  rocks,  and  of  hornstone  porphyries, 
emlxidded  in  a  l-wuie  of  wacke,  threaded  by  numerous 
thin  layers  of  a  concri'tionary  pitchstone  pai^sing  into 
objsidi.'in.  Tliese  layers  are  parallel,  slightly  tortuous, 
and  short ;  they  thin  out  at  their  ends,  and  resemble  in 
form  tlifj  layrTS  of  quartz  in  gneiss.  It  is  probable 
that  tlicH(5  Hinall  e!nl)ed<led  fragments  were  not  separately 
ej(!cU'd,  but  wen3  entangled  in  a  fluid  volcanic  rock, 
allied  to  obsidian ;  and  we  shall  presently  see  that 
several  vari(fties  of  this  latter  series  of  rock  assume  a 
laniiiiat(;d  structure. 

TnicJiytic  scriea  of  roclt-8, — Tliose  occupy  the  more 
elcvaie.d  and  central,  and  likewise  the  south-eastern, 
j)artH  of  the  island.  The  trachyte  is  generally  of  a  pale 
brown  colour,  stained  with  small  darker  patches;  it 
contains  brokcMi  and  bent  crystals  of  glassy  feldspar, 

iranHiiarontfHo  tliut  if  this  bo  the  case,  these  crjstals  from  Ascensioa 
iiiUMt  1)0  odiisiilcrcd  an  Uibraclor  feldspar.  Prof.  Miller  adds,  that 
ht)  ha-M  HC(Mi  an  account,  in  Erdruann*s  'Journal  fiir  technische 
('hiMiius'  of  a  niinenil  ejo(^t<Ml  from  a  volcano,  which  tiad  the  external 
rliinacloiH  of  l^jibrador  feldspar,  but  dilfered  in  the  analysis  from 
iliiit  ^ivrn  by  Miinrraio^ists  of  this  mineral :  the  author  attributed 
Ml  is  iliilcri'Dco  to  an  error  in  the  analysis  of  Labrador  feldspar, 
wliit'h  Ih  vory  old. 

'  Dauliony,  in  liis  work  on  Volcanos  (p.  380),  remarks  that  this 
Ih  thtt  (>aso ;  and  Humboldt,  in  his  'Personal  Narrative'  (vol.  i 
p.  *J.t()),  Hays, '  In  ^nnoral.  the  masses  of  known  primitive  rocks,  I 
niiMin  tiioHo  which  perfectly  resemble  our  granites,  g^ieiss,  and  mica- 
ulato,  aro  very  rare  in  hivjis  :  the  substances  we  generally  denote  by 
tho  name  of  granite,  thrown  out  by  Vesuvius,  are  mixtures  of 
Ufphoiino,  mica,  and  pyn)xcne.' 
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grains  of  specular  iron,  and  black  microscopical  ptuuts, 
which  latter,  from  being  easily  fused,  and  then  Kvorn- 
ing  magnetic,  I  presume  are  hornblende.  The  greater 
nuiuber  of  the  hills,  however,  are  comi>osed  of  a  quite 
white,  friable  stone,  appearing  like  a  tracliytic  tutf. 
Obsidian,  hornstone,  and  several  kinds  of  laminated 
feldspathic  rocks,  are  associated  with  the  trachyte. 
There  is  no  distinct  stratification ;  nor  could  I  distin- 
guish a  crateriform  structure  in  any  of  the  hills  of  this 
series.  Considerable  dislocations  have  taken  place; 
and  many  fissures  in  these  rocks  are  yet  left  oihui,  or 
are  only  partially  filled  with  loose  fragments.  Within 
the  space,^  mainly  formed  of  trac^hyte,  some  basaltic 
streams  have  burst  forth ;  and  not  far  from  the  summit 
of  Green  Mountain,  there  is  one  stream  of  quite  black, 
vesicular  basalt,  containing  minute  crystals  of  glassy 
feldspar,  which  have  a  rounded  appearance. 

The  soft  white  stone  above  mentioned  is  remarkable 
from  its  singular  resemblance,  when  viewed  in  mass,  to 
a  sedimentary  tuff :  it  was  long  before  I  could  persuade 
myself  that  such  was  not  its  origin ;  and  otlu»r  geologists 
have  been  perplexed  by  closely  similar  fornuitious  in 
trachytic  regions.  In  two  cases,  this  white  eai'thy  stone 
formed  isolated  hills  ;  in  a  third,  it  was  associated  with 
columnar  and  laminated  trachyte ;  but  I  was  unable  to 
trace  an  actual  junction.  It  contiiins  numerous  crystals 
of  glassy  feldspar  and  black  microscopical  specks,  and 
is  marked  with  small  darker  patches,  exactly  as  in  the 
surrounding  trachyte.  Its  basis,  however,  when  viewed 
under  the  microscope,  is  generally  quite  earthy;  but 
sometimes  it  exhibits  a  decidedly  crystalline  structure. 
On  the  hill  marked  '  Crater  of  an  old  volcano,'  it  passes 

'  This  space  is  nearly  included  by  a  line  sTwcepirjif  round  Orcen 
Mountain,  and  joining  the  hills,  called  the  Weatlior  Port  Si^oial, 
Uolyhead,  and  that  denominated  (improperly  in  a  geological  sense) 
*  the  Crater  of  an  old  Yolcanc' 


JO  Ascension,  pak  i, 

int/)  a  pale  grftenish-^ay  variety,  diflEering  oalv  in  its 
0'>loTir,  anrl  in  not  being  so  earthy ;  the  pa.-is.ige  was  in 
OTi/5  c^vj  effiiiC-ted  insensibly  ;  in  another,  it  wa3  formed 
by  nnm^OTia,  rounded  and  angnlar,  masses  of  the  green- 
ish variety,  ^>eing  emF^eddf^d  in  the  white  variety  ; — in 
tills  latter  case,  the  appearance  waa  very  much  like  that 
of  a  sedimentary  deposit,  torn  up  and  abraded  daring 
the  dep^jsition  of  a  snbseqnent  stratum.  Both  these 
varietifjs  are  travery;d  by  innumerable  tortuous  veins 
(prf!sently  to  bo  described),  which  are  totally  nnlike 
inject^id  dikes,  or  indeed  any  other  veins  which  I  have 
ever  w»^*n.  T5r>th  varieties  include  a  few  scattered  frag- 
m^Tnfs,  large  and  small,  of  dark-coloured  scoriaceous 
rooks,  the  cells  of  some  of  which  are  partially  filled  with 
the  white  eartJiy  8t/)ne ;  they  likewise  include  some 
hii^e  blr)cks  of  a  cellular  porphyry.*  These  fragments 
projj'ct  from  the  weathered  surface,  and  perfectly  re- 
munhlo  fni^anents  embf3dde(l  in  a  true  sedimentary  tuff. 
l]nt  OS  it  is  known  that  extraneous  fragments  of  cellu- 
lar rnck  are  somcftimes  included  in  columnar  trachyte, 
in  phonf)lit<%'  and  in  other  compact  lavas,  this  circum- 
Htunce  is  not  any  real  argument  for  the  sedimentary 
origin  of  the  white  earthy  stone.'  The  insensible 
jmsHMgo  of  the  greenish  variety  into  the  white  one, 
ntul  lilcowiso  the  more  abrupt  passage  by  fragments  of 
tho  former  b^ing  embedded  in  the  latter,  might  result 

•  Tbn  porphyry  l»  dark  coloured ;  it  contains  numerous,  often 
frn<M\iriNi,  cryMtnlii  f)f  white  opiuiue  feldspar,  also  decomposing 
rryntiiU  of  oxide  of  iron;  it«  vesicles  include  masses  of  delicate, 
|\air-liUo,  eiystals,  nppart'iitly  of  analoime. 

•  n'AnlMUsson,  •Tiai«6  do  Ofioi^nosie,'  torn.  ii.  p.  548. 

•  l>r.  PanUeny  (on  Voloaiuw,  p.  180)  seems  to  have  been  led  to 
brliovo  thrtt  oert,'»in  tr»ohy(ic  formations  of  Isciiia  and  of  the  Puy 
do  lW\mc»  which  olosoly  n'semble  tlu^e  of  Ascension,  were  of  sedi- 
mr'ntary  oriirin,  ohielly  from  the  frt»quent.  pre-^enoe  in  thorn  •of 
^»rifx\rm  |>i>rt ions,  «iitfen»nt  in  oi^lour  from  i he  matrix.*  Dr.  Daabcny 
nddi^  that  on  the  other  hand,  Urixvhi,  and  other  eminent  geolo^ristd^ 
bfixx*  (\^nKi«)oro<|  tho^e  b<sis  ni  earthy  varieties  of  trachyte ;  he 
widerK  the  tubject  d««erring  of  further  attention. 
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from  Blight  differences  in  the  composition  of  the  same 
mass  of  molten  stone,  and  from  the  abrading  action  of 
one  sach  part  still  fluid  on  another  part  already  solidi- 
fied. The  curiously  formed  veins  have,  I  believe,  been 
formed  by  siliceous  matter  being  subsequently  segre- 
gated. But  my  chief  reason  for  believing  that  these 
sofl  earthy  stones,  with  their  extraneous  fragments,  are 
not  of  sedimentary  origin,  is  the  extreme  improbability 
of  crystals  of  feldspar,  black  microscopical  specks,  and 
small  stains  of  a  darker  colour  occurring  in  the  same 
proportional  numbers  in  an  aqueous  deposit,  and  in 
masses  of  solid  trachyte.  Moreover,  as  I  have  remarked, 
the  microscope  occasionally  reveals  a  crystalline  struc- 
ture in  the  apparently  earthy  basis.  On  the  other 
hand,  the  partial  decomposition  of  such  great  masses  of 
trachyte,  forming  whole  mountains,  is  undoubtedly  a 
circumstance  of  not  easy  explanation. 

Veins  in  the  ecurihy  trachytic  masses, — ^These  veins 
are  extraordinarily  numerous,  intersecting  in  the  most 
complicated  manner  both  coloured  varieties  of  the 
earthy  trachyte :  they  are  best  seen  on  the  flanks  of 
the  *  Crater  of  the  old  volcano.'  They  contain  crystals 
of  glassy  feldspar,  black  microscopical  specks  and  little 
dark  stains,  precisely  as  in  the  surrounding  rock ;  but 
the  basis  is  very  different,  being  exceedingly  hard, 
compact,  somewhat  brittle,  and  of  rather  less  easy 
fusibility.  The  veins  vary  much,  and  suddenly,  from 
the  tenth  of  an  inch  to  one  inch  in  thickness ;  they 
often  thin  out,  not  only  on  their  edges,  but  in  their 
central  parts,  thus  leaving  round,  irregular  apertures ; 
their  surfaces  are  rugged.  They  are  inclined  at  every 
possible  angle  with  the  horizon,  or  are  horizontal ;  they 
are  generally  curvilinear,  and  often  interbranch  one 
with  another.  Prom  their  hardness  they  withstand 
weathering,  and  projecting  two  or  three  feet  above  the 
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ground,  they  occasionally  extend  some  yards  in  length ; 
tiiese  plate-like  veins,  when  struck,  emit  a  sound,  almost 
like  that  of  a  drum,  ajid  they  may  be  distinctly  seen  to 
vibrate;  their  fragments,  which  are  strewed  on  the 
ground,  clatter  like  pieces  of  iron  when  knocked  against 
each  other.  They  often  assume  the  most  singular 
forms ;  I  saw  a  pedestal  of  the  e^irthy  trachyte,  covered 
by  a  hemispherical  portion  of  a  vein,  like  a  great 
umbrella,  sufficiently  large  to  shelter  two  persons.  I 
have  never  met  with,  or  seen  described,  any  veins  like 
these ;  but  in  form  they  resemble  the  ferruginous  seams, 
due  to  some  process  of  segregation,  occurring  not  un- 
commonly in  sandstones, — for  instance,  in  the  New  Red 
sandstone  of  England.  Numerous  veins  of  jasper  and 
of  siliceous  sinter,  occurring  on  the  summit  of  this 
same  hill,  show  that  there  has  been  some  abundant 
source  of  silica,  and  as  these  plate-like  veins  differ  from 
the  trachyte  only  in  their  greater  hardness,  brittleness, 
and  less  easy  fusibility,  it  appears  probable  that  their 
origin  is  due  to  the  segregation  or  infiltration  of  silice- 
ous matter,  in  the  same  manner  as  happens  with  the 
oxides  of  iron  in  many  sedimentary  rocks. 

Siliceous  sinter  mid  jasper. — The  siliceous  sinter 
is  either  quite  white,  of  little  specific  gravity,  and  with 
a  somewhat  pearly  fracture,  passing  into  pinkish  pearly 
quartz ;  or  it  is  yellowish  white,  with  a  harsh  fracture, 
and  it  then  contains  an  earthy  powder  in  small  cavities. 
Both  varieties  occur,  either  in  large  irregular  masses 
in  the  altered  trachyte,  or  in  seams  included  in  broad, 
vertical,  tortuous,  irregular  veins  of  a  compact,  harsh, 
stone  of  a  dull  red  colour,  appearing  like  a  sandstone. 
This  stone,  however,  is  only  altered  trachyte;  and  a 
nearly  similar  variety,  but  often  honeycombed,  some- 
times adheres  to  the  projecting  plate-like  veins,  de- 
scribed in  the  last  parfigraph.     The  jasper  is  of  an  ochre 
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yellow  or  red  colour ;  it  occurs  in  large  irregular  masses, 
and  sometimes  in  veins,  both  in  the  altered  trachyte 
and  in  an  associated  mass  of  scoriaceous  basalt.  The 
cells  of  the  scoriaceous  basalt  are  lined  or  filled  with 
fine,  concentric  layers  of  chalcedony,  coated  and  studded 
with  bright-red  oxide  of  iron.  In  this  rock,  especially 
in  the  rather  more  compact  parts,  irregular  angular 
patches  of  the  red  jasper  are  included,  the  edges  of 
which  insensibly  blend  into  the  surrounding  mass; 
other  patches  occur  having  an  intermediate  character 
between  perfect  jasper  and  the  ferruginous,  decomposed, 
basaltic  base.  In  these  patches,  and  likewise  in  the 
large  vein-like  masses  of  jasper,  there  occur  little 
rounded  cavities,  of  exactly  the  same  size  and  form 
with  the  air-cells,  which  in  the  scoriaceous  basalt  are 
filled  and  lined  with  layers  of  chalcedony.  Small  frag- 
ments of  the  jasper,  examined  under  the  microscope, 
seem  to  resemble  the  chalcedony  with  its  colouring 
matter  not  separated  into  layers,  but  mingled  in  the 
siliceous  paste,  together  with  some  impurities.  I  can 
understand  these  facts, — namely,  the  blending  of  the 
jasper  into  the  seminJecomposed  basalt, — its  occurrence 
in  angular  patches,  which  clearly  do  not  occupy  pre- 
existing hollows  in  the  rock, — and  its  containing  little 
vesicles  filled  with  chalcedony,  like  those  in  the  scori- 
aceous lava,— only  on  the  supposition  that  a  fluid, 
probably  the  same  fluid  which  deposited  the  chalcedony 
in  the  air-cells,  removed  in  those  parts  where  there 
were  no  cavities,  the  ingredients  of  the  basaltic  rock, 
and  left  in  their  place  silica  and  iron,  and  thus  pro- 
duced the  jasper.  In  some  specimens  of  silicified  wood, 
I  have  observed,  that  in  the  same  manner  as  in  the 
basalt,  the  solid  parts  were  converted  into  a  dark- 
cxdoured  homogeneous  stone,  whereas  the  cavities 
formed  by  the  larger  sap-vessels  (which  may  be  com- 
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in  the  map  '  Crater  of  an  old  volcano,'  Iiaa  no  claims  to 
this  appellation,  which  I  coold  discover,  except  in  being 
sarmonnted  by  a  circular,  very  shalloir,  saacer-like 
summit,  nearly  half  a  mile  in  diameter.  This  hollow 
has  been  nearly  filled  np  with  many  successive  sheets  of 
ashes  and  scoriae,  of  diifeient  colours,  and  slightly  con- 
solidated. Each  successive  saucer-shaped  layer  crops 
out  aU  round  the  margin,  fcrming  so  many  rings  of 
various  colours,  and  giving  to  the  hill  a  fantastic 
appearance.  The  outer  ring  is  broad,  and  of  a  white 
colour ;  hence  it  resembles  a  course  round  which  horses 
have  been  exercised,  and  has  received  the  name  of  the 
Devil's  Siding  School,  by  which  it  is  most  generally 
known.  These  successive  layers  of  ashes  must  have 
fallen  over  the  whole  surrounding  country,  but  they 
have  all  been  blown  away  except  in  this  one  hollow, 
in  which  probably  moisture  accumulated,  either  during 
an  extraordinary  year  when  rain  fell,  or  during  the 
storms  often  accompanying  volcanic  eruptions.  Chie  of 
the  layers  of  a  pinkish  colour,  and  chietiy  derived 
from  small,  decomposed  fi-agments  of  pumice,  L*  remark- 
able, fix>m  containing  numerous  concretions.  These 
are  generally  spherical,  from  half-an-inch  to  three 
inches  in  diameter;  but  they  are  occasionally  cylin* 
drical,  like  those  of  iron-pyrites  in  the  chalk  of  Europe. 
They  consist  of  a  very  tough,  compact,  pa!e-brown 
stone,  with  a  smooth  and  even  fracture.  ITiev  are 
divided  into  concentric  layers  by  thin  white  partitions, 
resembling  the  external  superficies ;  six  or  eight  of 
such  layers  are  distinctly  defined  near  the  outside ;  but 
those  towards  the  inside  generally  become  indistinct, 
and  blend  into  a  homogeneous  mass.  I  presume  that 
these  concentric  layers  were  formed  by  the  shrinking  of 
the  concretion,  as  it  became  compact.  The  interior 
part  is  generally  fissured  by  minute  cracks  or  septaria 
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which  are  lined,  both  by  black,  metallic,  and  by  other 
«Lire  and  crvsstalline  specks,  the  nature  of  which  I  was 
rjnxfcble  to  ascertain.  Some  of  the  larger  concretions 
rjjuitirt  of  a  mere  spherical  shell,  filled  with  slightly 
c^in.v/Iidat^l  ashes.  The  concretions  contain  a  small 
profj^^rtion  of  carbonate  of  lime:  a  fragment  placed 
uiifh-r  the  blowpipe  decrepitates,  then  whitens  and 
fus^^  into  a  blebby  enamel,  but  does  not  become  caustic. 
Ilie  sarrounding  ashes  do  not  contain  any  carbonate  of 
lime ;  hence  the  concretions  have  probably  been  formed, 
as  Ls  so  oflen  the  case,  by  the  aggregation  of  this  sub- 
stance. I  have  not  met  with  any  account  of  similar 
concretions ;  and  considering  their  great  toughness  and 
compactness,  their  occurrence  in  a  bed,  which  probably 
has  b^ien  subjected  only  to  atmospheric  moisture,  is 
rern.'irkable. 

Ff/rmnilf/n  of  calcareous  rocks  on  the  sea-coasL — 
On  sf!venil  of  the  sea-beaches,  there  are  immense  accu- 
mulations of  small,  well-rounded  particles  of  shells  and 
cr>nils,  of  white,  yellowish,  and  pink  colours,  inter- 
spersed with  a  few  volcanic  particles.  At  the  depth  of 
a  few  feet,  tln\se  are  found  cemented  together  into 
stfjne,  of  which  the  softer  varieties  are  used  for  build- 
ing; there  are  other  varieties,  both  coarse  and  fine- 
grained, too  hard  for  this  purpose  :  and  I  saw  one 
mass  divided  into  even  lavers  half-an-inch  in  thickness, 
which  were  so  compact  that  when  struck  with  a  hammer 
they  rang  like  flint.  It  is  believed  by  the  inhabitants, 
that  the  particles  become  united  in  the  course  of  a 
pin«rle  year.  ITie  union  is  effected  by  calcareous 
matter ;  and  in  the  most  compact  varieties,  each 
rounded  particle  of  shell  and  volcanic  rock  can  be  dis- 
tinctly seen  to  be  enveloped  in  a  husk  of  pellucid 
carbonato  of  lime.  Extremely  few  perfect  shells  are 
embedded  in  these  agglutinated  masses ;   and  I  have 
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examined  even  a  large  fragment  under  a  microscope, 
without  being  able  to  discover  the  lost  vestige  of  striao 
or  other  marks  of  external  form :  this  shows  how  long 
each  particle  most  have  been  rolled  about,  before  its 
turn  came  to  be  embedded  and  cemented.^  One  of  the 
most  compact  varieties,  when  placed  in  acid,  was  en- 
tirely dissolved,  with  the  exception  of  some  flocculent 
animal  matter;  its  specific  gravity  was  2*63.  The 
specific  gravity  of  ordinary  limestone  varies  from  2*6  to 
2-75  ;  pure  Carrara  marble  was  found  by  Sir  H,  De  la 
Beche*  to  be  2  7.  It  is  remarkable  that  these  rocks  of 
Ascension,  formed  close  to  the  surface,  should  be  nearly 
as  compact  as  marble,  which  has  undergone  the  action 
of  heat  and  pressure  in  the  plutonic  regions. 

The  great  accumulation  of  loose  calcareous  particles, 
lying  on  the  beach  near  the  Settlement,  commences  in 
the  month  of  October,  moving  towards  the  SW.,  which, 
as  I  was  informed  by  Lieut.  Evans,  is  caused  by  a  change 
in  the  prevailing  direction  of  the  currents.  At  this  period 
the  tidal  rocks,  at  the  SW.  end  of  the  beach,  where  the 
calcareous  sand  is  accumulating,  and  round  which  the 
currents  sweep,  become  gradually  coated  with  a  calcare- 
ous incrustation,  half-an-inch  in  thickness.  It  is  quite 
white,  compact,  with  some  parts  slightly  spathose,  and 
is  firmly  attached  to  the  rock.  After  a  short  time  it 
gradually  disappears,  being  either  redissolved,  when 
the  water  is  less  charged  with  lime,  or  more  probably  is 
mechanically  abraded.  Lieut.  Evans  has  observed  these 
facts,  during  the  six  years  he  has  resided  at  Ascension. 
The  incrustation  varies  in  thickness  in  difierent  years  : 
in  1831  it  was  unusually  thick.     When  I  was  there  in 

>  The  egg8  of  the  turtle  being  buried  by  the  parent,  sometimes 
become  enclosed  in  the  solid  rock.  Mr.  Lyell  has  given  a  figure 
(*  Principles  of  Geology,'  book  iii.  ch.  17)  of  some  eggs,  containing 
the  bones  of  young  turtles,  found  thus  entombed. 

'  '  Besearches  in  Theoretical  Geology,'  p.  12. 
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July,  there  waa  no  remnant  of  the  incrnstation ;  but  on 
a  point  of  basalt,  from  which  the  qaairymen  had  lately 
removed  a  mass  of  the  calcareons  freestone,  the  incmsta- 
tioa  was  perfectly  preserved.  Considering  the  poeition 
of  the  tidal  rocks,  and  the  period  at  which  they  become 
coated,  there  can  be  no  donbt  that  the  movement  and  dis- 
tnrbance  of  the  vast  accumalation  of  calcareous  particles, 
many  of  them  being  partially  agglntinated  together, 
cause  the  waves  of  the  sea  to  be  so  highly  charged 
with  carbonate  of  lime,  that  they  deposit  it  on  the  first 
objects  against  which  they  impinge.  I  have  been  in- 
formed by  Lient.  Holland,  R.N.,  that  this  incrcsta- 
tion  is  formed  on  many  parts  of  the  coast,  on  most  of 
which,  I  believe,  there  are  likewise  great  masses  of 
comminuted  shells. 

A  frondesceni  calcareous  mcrvMation. — In  many 
respects  this  is  a  singular  deposit ;  it  coats  throagh- 
oat  the  year  the  tidal  volcanic  rocks,  that  project  fivm 


the  beaches  composed  of  broken  shells.  Its  general 
appearance  is  well  represented  in  the  accompanying 
woodcut :  but  the  fronds  or  disks,  of  which  it  is  com- 
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posed,  are  generally  so  closely  crowded  together  as  to 
toach.  These  fronds  hare  their  sinnons  edores  finely 
crenulated,  and  they  project  over  their  pedestals  or 
supports  ;  their  upper  surfaces  are  either  slightly  con- 
cave, or  slightly  convex ;  they  are  highly  polished,  and 
of  a  dark  gray  or  jet  black  colour ;  their  form  is  irre- 
gular, generally  circular,  and  from  the  tenth  of  an  inch 
to  one  inch  and  a-half  in  diameter ;  their  thickness,  or 
amount  of  their  projection  from  the  rock  on  which  they 
stand,  varies  much,  about  a  quarter  of  an  inch  being  per- 
haps most  usual.  The  fronds  occasionally  become  more 
and  more  convex,  until  they  pass  into  botryoidal  masses 
with  their  summits  fissured ;  when  in  this  state,  they  are 
glossy  and  of  an  intense  black,  so  as  to  resemble  some 
fused  metallic  substance.  I  have  shown  the  incrustation, 
both  in  this  latter  and  in  its  ordinary  state  to  several 
geologists,  but  not  one  could  conjecture  its  origin,  except 
that  perhaps  it  was  of  volcanic  nature ! 

The  substance  forming  the  fronds  has  a  very  com- 
pact and  often  almost  crystalline  fracture ;  the  edges 
being  translucent,  and  hard  enough  easily  to  scratch 
calcareous  spar.  Under  the  blowpipe  it  immediately  be- 
comes white,  and  emits  a  strong  animal  odour,  like  that 
from  fresh  shells.  It  is  chieHy  composed  of  carbonate 
of  lime ;  when  placed  in  muriatic  acid  it  froths  much, 
leaving  a  residue  of  sulphate  of  lime,  and  of  an  oxide  of 
iron,  together  with  a  black  powder,  which  is  not  soluble 
in  heated  acids.  This  latter  substance  seems  to  be  car- 
bonaceous, and  is  evidently  the  colouring  matter.  The 
sulphate  of  lime  is  extraneous,  and  occurs  in  distinct, 
excessively  minute,  lamellar  plates,  studded  on  the  sur- 
faces of  the  fronds,  and  embedded  between  the  fine 
layers  of  which  they  are  composed  ;  when  a  fragment  is 
heated  in  the  blowpipe,  these  lamellsa  are  immediately 
rendered  visible.      The  original  outline  of  the  fronds 
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m;i»-  ittf'Ti  rv*  'rapf^fi.  ►tirher  to  a  minnte  particle  of  shell 
liv^'-J  in  :■*  orf"'ii»r»  ■  if  rhe  rock,  or  to  aeverai  cemented 
tr.cr-'^'rlK.r ;  -Ij^m**  :ir?t  liftcome  lieepiy  corrodecL  by  die 
H I «-■"',; vin*/  jjowv-r  ')f  "he  ':vavpa,  into  sharp  riciffps.  and 
tlr^'Ti  :i.r»-  -^oarfii  -.vitii  succossive  1  avers  of  the  izlosHV, 
ffi'jiv.  r?AlfVtr.-r,iiA  in  cm  star  ion.  The  ineanalitiea  ox  die 
pri?nf*r/  -Jiiujnrr  sitfect  rlie  outline  of  every  anccessive 
iJiy^T  ;n  Mie  -wime  manner  is  may  often  be  aeen  in 
P^^'/ofi-r-'-font's.  '^vhen  an  ohjei-t  like  a  nail  forma  the 
(ViTitp.*  .»f*  flgrjTP'jTirinn.  The  crenniated  e<lires.  how- 
PA'-*T.  .■)f  r.he  tVonri  appear  to  be  due  to  the  corroding 
pfAvo.r  of  thft  mirf  on  its  own  deposit,  alternating  with 
fr*?»h  di"pr.«?tii;nH.  On  some  smooth  basaltic  njcka  on 
f  i.A  n/f^Kt  of  >:f .  Jficro.  I  found  an  exceedinirlv  thin  laver 
of  hr^'vn  r^^uarrronH  matter,  which  under  a  lens  pre- 
fif-rttff\  a  nilwlatiire  likein^ss  of  the  crenniated  and 
jK»!i.;fH'd  froTifIx  of  A.scKnaion  ;  in  this  cai?e  a  basis  was 
Tiof,  ftlToflcd  by  any  projecting"  exrrane<jus  particles. 
AUIi''«iif/h  ^h<=J  inrrnHtation  at  Ascension  is  persistent 
MirMif/hoiih  f  hft  year  ;  yet  from  the  abraded  appearance 
of  lifting*:  pfirfs,  and  from  the  fresh  appearance  of  other 
ymrfs,  f.\u\  wholfj  s^ifim.H  to  undergo  a  round  of  decay 
niu\  n'rKiVfition,  dun  probnbly  to  chancres  in  the  form 
fif  thn  Hhiftiri^  bf^ach,  and  consequently  in  the  action 
of  fho  brenkiTH:  honof)  probably  it  is,  that  the  incrusta- 
IImii  novfM' iic'jiiinr«  ji  ^n!at thickness.  Considering  the 
|iM<ilinii  nf  tiin  incniHNH]  rocks  in  the  midst  of  the  cal- 
iMM.tiiiH  biMu  li,  U^^^rihrr  with  its  composition,  I  think 
(belt'  I'Mii  bo  nil  dniibt.  that.  iiH  origin  is  due  to  the  dis- 
Fi»biii»in  nnd  pul'RfMjnfnt.  drpcwition  of  the  matter  com- 
ji.'^iMir  the    ri Minded   parlich'H   of  shells     and    corals.* 

'  Vl*'"  •!i'1r"iip.  »i*j  1  Ivno  nMnnrkiMl,  ig  oxlraneous,  and  mast  have 
lii'i'M  i\.!«^.'^  l»'Mn  \hv  Po:»  w;«fi»r.  It  in  iiii  interesting  circumstance 
tVvs  T,^  np.»  »ln»  vmis  of  tho  i»imvh],  PulVuMontiy  cbar^wi  with  sul- 
pl  T.r  ri"  \\^^^o.  tr  i^oj'iwit  \{  on  (l\o  nvks,  npuiist  which  they  dash 
evi«»y  lii^o.     Pi.  \\i'l»f«it»r  hafl  ilworilnNi  ^*  Voya^^  of  the  "Chaiiti- 
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From  this  sonrce  it  derives  its  animal  matter,  which 
is  evidently  the  colouring  principle.  The  nature  of 
the  deposit,  in  its  incipient  stage,  can  often  be  well 
seen  upon  a  fragment  of  white  shell,  when  jammed  be- 
tween two  of  the  fronds ;  it  then  appears  exactly  like 
the  thinnest  wash  of  a  pale  gray  varnish.  Its  darkness 
varies  a  little,  but  the  jet  blackness  of  some  of  the 
fronds  and  of  the  botryoidal  masses  seems  due  to  the 
translucency  of  the  successive  gray  layers.  There  is, 
however,  this  singular  circumstance,  that  when  de- 
posited on  the  under  side  of  ledges  of  rock  or  in  fissures, 
it  appears  always  to  be  of  a  pale,  pearly  gray  colour, 
even  when  of  considerable  thickness  :  hence  one  is  led 
to  suppose,  that  an  abundance  of  light  is  necessary  to 
the  development  of  the  dark  colour,  in  the  same 
manner  as  se^ms  to  be  the  case  with  the  upper  and  ex- 
posed surfaces  of  the  shells  of  living  moUusca,  which 
are  always  dark,  compared  with  their  under  surfaces 
and  with  the  parts  habitually  covered  by  the  mantle  of 
the  animal.  In  this  circumstance, — in  the  immediate 
loss  of  colour  and  in  the  odour  emitted  under  the  blow- 
pipe,— in  the  degree  of  hardness  and  translucency  of 
the  edges, — and  in  the  beautiful  polish  of  the  surface,' 
rivalling  when  in  a  fresh  state  that  of  the  finest  Oliva, 
there  is  a  striking  analogy  between  this  inorganic  in- 


cleer,"*  vol.  ii.  p.  819)  beds  of  gypenm  and  salt,  as  much  as  two  feet 
in  thickness,  left  by  the  evaporation  of  the  spray  on  the  rocks  on 
the  windward  coast.  Beautiful  stalactites  of  selenite,  resemblin;^ 
in  form  tho^e  of  carbonate  of  lime,  are  formed  near  these  beds. 
Amorphous  masses  of  gypsum,  also,  occur  in  caverns  in  the  interior 
of  the  island ;  and  at  Cross  Hill  (an  old  crater)  J  saw  a  consideniblo 
quantity  of  salt  oozing  from  a  pile  of  scoriie.  In  these  latter  cases, 
the  salt  and  gypsum  appear  to  be  volcanic  products. 

•  From  the  fact  described  in  my  •  Journal  of  Researches*  (p.  12), 
of  a  coating  of  oxide  of  iron,  deposited  by  a  streamlet  on  the  rocks 
in  its  bed  (like  a  nearly  similar  coating  at  the  great  cataracts  of  the 
Orinoooo  and  Kile),  becoming  finely  polished  where  the  surf  acts,  I 
presume  that  the  surf  in  this  instance,  also,  is  the  polishing  agent. 
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cmRtAtion  and  the  abella  of  living  moUoscona  aniniala.' 
Thift  appears  to  me  to  be  an  interesting  phyaiolc^ical 
feet.* 

Hi'ti/j^slfur  laminated  beds  iiltemaiing  with  cmd 
j>amm/j  itUo  ohmdyin. — ^These  beds  occur  within  the 
trachytic  district,  at  the  western  base  of  Green  Moontain, 
nnder  which  they  dip  at  a  high  inclination.  They  are 
only  partially  exposed,  being  covered  np  by  modem 
ejecr.ions ;  from  this  cause,  I  was  unable  to  trace  their 
jn  notion  with  the  trachyte,  or  to  discover  whether  they 
harl  Bowed  as  a  stream  of  lava,  or  had  been  injected 
amidst  the  overlying  strata.  There  are  three  principal 
berla  of  obsidian,  of  which  the  thickest  forms  the  base 
of  the  section.  The  alternating  stony  layers  appear  to 
me  eminently  curious,  and  shall  be  first  described,  and 
afterwarrla  their  pa-sage  into  the  obsidian.  They  have 
an  extrfrmely  diversified  appearance ;  five  principal 
varieties  may  be  noticed,  but  these  insensibly  blend 
int/>  ear;h  other  by  endless  gradations. 

f'irst, — A  pale  gray,  irregularly  and  coarsely  lami- 
nat/;d,^  harsh- feeling  rock,  resembling  clay-slate  which 

»  In  the  noction  dc-scriptive  of  St.  Paul's  Rocks,  I  have  described 
%  ^loHsy,  fK.'arly  Aubhtance,  which  coats  the  rocks,  and  an  allied 
fEtaUictitir^al  ir>cru«fation  from  Ascension,  the  crust  of  which  re- 
fM'rnblMH  the  enamel  of  toeth,  but  is  hard  enough  to  scratch  plate 
ffhvHH.  Both  thf;Me  substances  conrain  animal  matter,  and  seem  to 
have  been  derived  from  wiiter  inJiltering  through  binls'  dung. 

*  Mr.  Homer  and  Sir  David  Brewster  have  described  (*  Philo- 
Hf»phir'jil  Transactions/  1836,  p.  65)  a  sin>rular  *  artirlcial  substance, 
re-eniblini;  Hhell.'  It  is  def>Ohit€d  in  fine,  traiisfxirent,  highly- 
|H>liHhed,  brown-colonred  laminaj,  possessing  peculiar  optical  pro- 
piTiies,  on  the  inHide  of  a  vejksel,  in  which  cloth,  first  prepared  with 
^itio  and  then  with  lime,  is  niarle  to  revolve  rapidly  in  water.  It  is 
much  sr>ftcr,  more  tran.«|>arent,  and  contain*)  more  animal  matter, 
than  the  tiatunil  iticruHUition  at  Ascension;  but  we  here  again  see 
the  Mtrnng  tendency  wliich  carbonate  of  lime  and  animal  matter 
rviniM)  \f}  form  a  solid  substance  allied  to  shell. 

■  ThiH  t.f«rm  is  o\w.t\  to  some  misinterpretation,  as  it  may  be  applied 
iMith  to  roekH  <Iivi(i(;d  into  laminasof  exactly  the  same  compo-itioQ, 
ntid  to  layers  flrtnly  attached  to  each  other,  with  no  fissile  tendency, 
but  einnposed  of  ditTeront  minerals,  or  of  different  shades  of  colour. 
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has  been  in  contact  with  a  trap-dike,  and  with  a  frac- 
ture of  about  the  same  degree  of  crystalline  structure. 
This  rock,  as  well  as  the  following  varieties,  easily  fuse 
into  a  pale  glass.  The  greater  part  is  honey-combed 
with  irregular,  angular,  cavities,  so  that  the  whole  has 
a  curious  appearance,  and  some  fragments  resemble  in 
a  remarkable  manner  silicified  logs  of  decayed  wood. 
This  variety,  especially  where  more  compact,  is  often 
marked  with  thin  whitish  streaks,  which  are  either 
straight  or  wrap  round,  one  behind  the  other,  the  elon- 
gated carious  hollows. 

Secondly, — A  bluish  gray  or  pale  brown,  compact, 
heavy,  homogeneous  stone,  with  an  angular,  uneven, 
earthy  fracture  ;  viewed,  however,  under  a  lens  of  high 
power,  the  fracture  is  seen  to  be  distinctly  crystalline, 
and  even  separate  minerals  can  be  distinguished. 

Thirdly, — A  stone  of  the  same  kind  with  the  last, 
but  streaked  with  numerous,  parallel,  slightly  tortuous, 
white  lines  of  the  thickness  of  hairs.  These  white  lines 
are  more  crystalline  than  the  parts  between  them  ;  and 
the  stone  splits  along  them:  they  frequently  expand 
into  exceedingly  thin  cavities,  which  are  oflen  only 
just  perceptible  with  a  lens.  The  matter  forming  the 
white  lines  becomes  better  crystallised  in  these  cavities, 
and  Prof.  Miller  was  fortunate  enough,  after  several 
trials,  to  ascertain  that  the  white  crystals,  which  are  the 
largest,  were  of  quartz,*  and  that  the  minute  green  trans- 
parent needles  were  augite,  or,  as  they  would  more 
generally  be  called,  diopside :  besides  these  crystals, 
there  are  some  minute,  dark  specks  without  a  trace  of 

The  term  'laminated,*  in  this  chapter,  is  applied  in  these  latter 
senses ;  where  a  homogeneous  rock  splits,  as  in  the  former  sense,  in 
a  given  direction,  like  clay-slate,  I  have  used  tlje  term  *  fissile.' 

>  Professor  Miller  informs  me  that  the  crystals  which  he  measured 
had  the  faces  P, «,  m  of  the  tignre  (147)  given  by  Haidinger  in  his 
Translation  of  Mohs :  and  he  a^ds,  that  it  is  remarkable,  that  none  of 
them  had  Uie  iligfatest  \xwom  of  faces  r  of  theregnlar  tiz-aided  priim. 
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crystallisation,  and  some  fine,  white,  granular,  crystal- 
line matter  which  is  probably  feldspar.  Minute  frag- 
ments of  this  rock  are  easily  fusible. 

Fourthly, — A  compact  crystalline  rock,  banded  in 
straight  lines  with  innumerable  layers  of  white  and 
gray  shades  of  colour,  varying  in  width  from  the  ^th 
to  the  T^th  of  an  inch  ;  these  layers  seem  to  be  com- 
posed chiefly  of  feldspar,  and  they  contain  numerous 
perfect  crystals  of  glassy  feldspar,  which  are  placed 
lengthways ;  they  are  also  thickly  studded  with  micro- 
scopically minute,  amorphous,  black  specks,  which  are 
placed  in  rows,  either  standing  separately,  or  more 
frequently  united,  two  or  three  or  several  together,  into 
black  lines,  thinner  than  a  hair.  When  a  small  frag- 
ment is  heated  in  the  blowpipe,  the  black  specks  are 
easily  fused  into  black  brilliant  beads,  which  become 
magnetic, — characters  that  apply  to  no  common  mineral 
except  hornblende  or  augite.  With  the  black  specks 
there  are  mingled  some  others  of  a  red  colour,  which  are 
magnetic  before  being  heated,  and  no  doubt  are  oxide 
of  iron.  Round  two  little  cavities,  in  a  specimen  of 
this  variety,  I  found  the  black  specks  aggregated  into 
minute  crystals,  appearing  like  those  of  augite  or  horn- 
blende, but  too  dull  and  small  to  be  measured  by  the 
goniometer ;  in  this  specimen,  also,  I  could  distinguish 
amidst  the  crystalline  feldspar,  grains,  which  had  the 
aspect  of  quartz.  By  trying  with  a  parallel  ruler,  I 
found  that  the  thin  gray  layers  and  the  black  hair-like 
lines  were  absolutely  straight  and  parallel  to  each 
other.  It  is  impossible  to  trace  the  gradation  from  the 
homogeneous  gray  rocks  to  these  striped  varieties,  or 
indeed  the  character  of  the  different  layers  in  the  same 
specimen,  without  feeling  convinced  that  the  more  or 
less  perfect  whiteness  of  the  crystalline  feldspatido 
matter  depends  on  the  more  or  less  perfect  aggregation 
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of  difiused  matter,  into  the  black  and  red  specks  of 
hornblende  and  oxide  of  iron. 

Fifthly, — A  compact  heavy  rock,  not  laminated, 
with  an  irregular,  angular,  highly  crystalline,  fracture ; 
it  abounds  with  distinct  crystals  of  glassy  feldspar,  and 
the  crystalline  feldspathic  base  is  mottled  with  a  bluck 
mineral,  which  on  the  weathered  surface  is  seen  to  be 
aggregated  into  small  crystals,  some  perfect,  bat  the 
greater  number  imperfect.  I  showed  this  specimen  to 
an  experienced  geologist,  and  asked  him  what  it  was, 
he  answered,  as  I  think  every  one  else  would  have  done, 
that  it  was  a  primitive  greenstone.  The  weathered 
surface,  also,  of  the  foregoing  (No.  4)  banded  variety, 
strikingly  resembles  a  worn  fragment  of  finely  laminated 
gneiss. 

These  five  varieties,  with  many  intermediate  ones, 
pass  and  repass  into  each  other.  As  the  compact 
varieties  are  quite  subordinate  to  the  others,  the  whole 
may  be  considered  as  laminated  or  striped.  The  laminae, 
to  sum  up  their  characteristics,  are  either  quite  straight, 
or  slightly  tortuous,  or  convoluted  ;  they  are  all  parallel 
to  each  other,  and  to  the  intercalating  strata  of  obsidian ; 
they  are  generally  of  extreme  thinness;  they  consist 
either  of  an  apparently  homogeneous,  compact  rock, 
striped  with  different  shades  of  gray  and  brown  colours, 
or  of  crystalline  feldspathic  layers  in  a  more  or  less 
perfect  state  of  purity,  and  of  different  thicknesses,  with 
distinct  crystals  of  glassy  feldspar  placed  lengthways,  or 
of  very  thin  layers  chiefly  composed  of  minute  crystals 
of  quartz  and  augite,  or  composed  of  black  and  red 
specks  of  an  augitic  mineral  and  of  an  oxide  of  iron, 
either  not  crystallised  or  imperfectly  so.  Afler  having 
fully  described  the  obsidian,  I  shall  return  to  the  subject 
of  the  lamination  of  rocks  uf  the  tracliytic  series. 

The  passage  of  the  foregoing  beds  into  the  strata  ol 
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glassy  obsidian  is  effected  in  several  ways  :  first,  angolo- 
nodular  masses  of  obsidian,  both  large  and  small, 
abruptly  appear  disseminated  in  a  slaty,  or  in  an  amor- 
phous, pale-coloured  feldspathic  rock,  with  a  somewhat 
pearly  fracture.  Secondly,  small  irregular  nodules  of 
the  obsidian,  either  standing  separately,  or  united  into 
thin  layers,  seldom  more  than  the  tenth  of  an  inch 
in  thickness,  alternate  repeatedly  with  very  thin  layers 
of  a  feldspathic  rock,  which  is  striped  with  the  finest 
parallel  zones  of  colour,  like  an  agate,  and  which  some- 
times passes  into  the  nature  of  pitchstone ;  the  interstices 
between  the  nodules  of  obsidian  are  generally  filled  by 
soft  white  matter,  resembling  pumiceous  ashes.  Thirdly, 
the  whole  substance  of  the  bounding  rock  suddenly 
passes  into  an  angulo-concretionary  mass  of  obsidian* 
Such  masses  (as  well  as  the  email  nodules)  of  obsidian 
are  of  a  pale  green  colour,  and  are  generally  streaked 
with  different  shades  of  colour,  parallel  to  the  laminaB 
of  the  surrounding  rock  ;  they  likew^ise  generally  con- 
tain minute  white  spheBruliles,  of  which  half  is  some- 
times embedded  in  a  zone  of  one  shade  of  colour,  and 
half  in  a  zone  of  another  shade.  The  obsidian  assumes 
its  jet  black  colour  and  perfectly  conchoidal  fracture, 
only  when  in  large  masses ;  but  even  in  these,  on  careful 
examination  and  on  holding  the  specimens  in  different 
lights,  I  could  generally  distinguish  parallel  streaks  of 
different  shades  of  darkness. 

One  of  the  commonest  transitional  rocks  deserves  in 
several  respects  a  further  description.  It  is  of  a  very 
complicated  nature,  and  consists  of  numerous  thin, 
slightly  tortuous,  layers  of  a  pale-coloured  feldspathic 
stone,  often  passing  into  an  imperfect  pitchstone,  alter- 
nating with  layers  formed  of  numberless  little  globules 
of  two  varieties  of  obsidian,  and  of  two  kinds  of  sphao- 
rulites,  embedded  in  a  soft  or  in  a  hard  pearly  base. 
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The  spluemlites  are  either  white  and  translucent,  <«■ 
dark  brown  and  opaqne ;  the  former  are  quite  spherical, 
of  i-mall  size,  and  dietinctlj-  radiated  from  their  centre. 
The  dark  brown  Bphsmlites  are  less  perfectly  round, 
and  vary  in  diameter  from  the  -^^  to  ^,-th  of  an  inch ; 
when  broken  they  exhibit  towards  their  centres,  which 
are  whitish,  an  obscure  radiating  structure ;  two  of 
them  when  united,  sometimes  have  only  one  central 
point  of  radiation ;  there  is  occasionally  a  trace  of  a 
hollow  or  crevice  in  their  centres.  They  stand  either 
separately,  or  are  united  two  or  three  or  many  together 
into  irregular  groups,  or  more  commonly  into  layers, 
parallel  to  the  stnitiBcation  of  the  mass.  This  union 
in  many  cases  is  so  perfect,  that  the  two  sides  of  the 
layer  thus  formed,  are  quite  even ;  and  these  layers,  as 
they  become  less  brown  and  opaque,  cannot  be  distin- 
guished from  the  alternating  layers  of  the  pale-colourc.l 
feldspathic  stone.  The  spha)rulites,  when  not  unititl, 
are  generally  compressed  in  the  plane  of  the  lamination 
of  the  mass ;  and  in  this  same  plane,  they  art>  often 
marked  internally,  by  zones  of  different  shades  of 
So.  6. 


colour,  and  externally  by  small  ridges  and  furrows.     In 
the   upper  part   of  the  accompanying  woodcut,   the 
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sphaBrulites  with  the  parallel  ridges  and  furrows  are 
represented  on  an  enlarged  scale,  but  they  are  not  well 
executed  ;  and  in  the  lower  part,  their  usual  manner  of 
grouping  is  shown.  In  another  specimen,  a  thin  layer 
formed  of  the  brown  sphserulites  closely  united  together, 
intersects,  as  represented  in  the  woodcut,  No.  7  a  layer 

No.  7. 


A  layer  formed  by  the  union  of  niinuto  brown  sphsmlites,  intersecting  two  othor 
similar  iaycrii :  the  whole  represented  of  nearly  the  natural  size. 

of  similar  composition  ;  and  after  running  for  a  short 
space  in  a  slightly  curved  line,  again  intersects  it,  and 
likewise  a  second  layer  lying  a  little  way  beneath  that 
first  intersected.  The  small  nodules  also  of  obsidian  are 
sometimes  externally  marked  with  ridges  and  furrows, 
parallel  to  the  lamination  of  the  mass,  but  always  less 
plainly  than  the  sphaBrulites.  These  obsidian  nodules 
are  generally  angular,  with  their  edges  blunted :  they 
are  often  im])ressed  with  the  form  of  the  adjoining 
sphaerulites,  than  which  they  are  always  larger;  the 
sepjirate  nodules  seldom  appear  to  have  drawn  each  other 
out  by  exerting  a  mutual  attractive  force.  Had  I  not 
found  in  some  cases,  a  distinct  centre  of  attraction  in 
these  nodules  of  obsidian,  I  should  have  been  led  to 
have  considered  them  as  residuary  matter,  left  during 
the  formation  of  the  pearlstone,  in  which  they  are 
embedded,  and  of  the  sphaBrulitic  globules. 

The  sphnRrulites  and  the  little  nodules  of  obsidiim 
in  these  rocks  so  closely  resemble,  in  general  form  and 
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structure,  concretions  in  sedimentary  deposits,  that  one 
is  at  once  tempted  to  attribute  to  them  an  analogous 
origin.  They  resemble  ordinary  concretions  in  the 
following  respects :  in  their  external  form, — in  the  union 
of  two  or  three,  or  of  several,  into  an  irregular  mass,  or 
into  an  even-sided  layer, — in  the  occasional  intersection 
of  one  such  layer  by  another,  as  in  the  case  of  chalk- 
flints, — in  the  presence  of  two  or  three  kinds  of  nodules, 
often  close  together,  in  the  same  basis, — in  their  fibrous, 
radiating  structure,  with  occasional  hollows  in  their 
centres, — in  the  co-existence  of  a  laminary,  concretionary, 
and  radiating  structure,  as  is  so  well  developed  in  the 
concretions  of  magnesian  limestone,  described  by  Pro- 
fessor Sedgwick.^  Concretions  in  sedimentary  deposits, 
it  is  known,  are  due  to  the  separation  from  the  sur- 
rounding mass  of  the  whole  or  part  of  some  mineral 
substance,  and  its  aggregation  round  certain  points  of 
attraction.  Guided  by  this  fact,  I  have  endeavoured 
to  discover  whether  obsidian  and  the  sphaerulites  (to 
which  may  be  added  marekanite  and  pearlstone,  both 
of  them  occurring  in  nodular  concretions  in  the  trachytic 
series)  diflTer  in  their  constituent  parts,  from  the  minerals 
generally  comix>sing  trachytic  rocks.  It  appears  from 
three  analyses,  that  obsidian  contains  on  an  average  76 
percent,  of  silica;  from  one  analysis,  that  spbaerulites 
contain  79*12;  firom  two,  that  marekanite  contains 
79*25;  and  from  two  other  analyses,  that  pearlstone 
contains  75'62  of  silica.*  Now,  the  constituent  parts 
of  trachyte,  as  far  as  they  can  be  distinguished,  consist 
of  feldspar,  containing  65-21  of  silica;  or  of  albite,  con- 
taining 69*09  ;  of  hornblende,  containing  55*27,*  and  of 

*  •  Geological  Transactions,'  vol.  iii.  part  i.  p.  37. 

*  The  foregoing  analyses  are  taken  from  l^eudant,  *  Trait 6  de 
Min^ralogie/  torn,  ii  p.  113;  and  one  analysis  of  ob&idian,  from 
Phillips  8  '  Mineralogy.' 

'  These  analyses  are  taken  from  Yon  Eobcll's  *  Qrundzuge  der 
Vineralogie,'  1838. 
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oxide  of  iron:  so  that  the  foregoing  glassy  concre- 
tionary substances  all  contain  a  larger  proportion  of 
silica  than  that  occurring  in  ordinary  feldspathic  or 
trachytic  rocks.  D'Aubuisson,*  also,  has  remarked  ou 
the  large  proportion  of  silica  compared  with  alumina, 
in  six  analyses  of  obsidian  and  pearlstone  given  in 
Brongniart's  '  Mineralogy/  Hence  I  conclude,  that  the 
foregoing  concretions  have  been  formed  by  a  process  of 
aggregation,  strictly  analogous  to  that  which  takes 
place  in  aqueous  deposits,  acting  chiefly  on  the  silica, 
but  likewise  on  some  of  the  other  elements  of  the  sur- 
rounding mass,  and  thus  producing  the  different  con- 
cretionary varieties.  Prom  the  well-known  effects  of 
rapid  cooling'  in  giving  glassiness  of  texture,  it  is 
probably  necessary  that  the  entire  mass,  in  cases  like 
that  of  Ascension,  should  have  cooled  at  a  certain  rate ; 
but  considering  the  repeated  and  complicated  alterna- 
tions of  nodules  and  thin  layers  of  a  glassy  texture 
with  other  layers  quite  stony  or  crystalline,  all  within 
the  space  of  a  few  feet  or  even  inches,  it  is  hardly 
possible  that  they  could  have  cooled  at  different  rates, 
and  thus  have  acquired  their  different  textures. 

The  natural  sphaerulites  in  these  rocks  *  very  closely 

"  «Trait6  de  G6ogn.'  torn.  ii.  p.  635. 

'  This  is  seen  in  the  manufacture  of  common  glass,  and  in 
Gregory  Watts*H  experiments  on  molten  trap;  also  on  the  natural 
surfaces  of  lava-streams,  and  on  the  side-walls  of  dikes. 

*  I  do  not  know  whether  it  is  generally  known,  that  bodies  having 
exactly  the  same  appearance  as  spha^rnlites,  sometimes  occur  in 
agates.  Mr.  liobert  Brown  showed  me  in  an  agate,  formed  within 
a  cavity  in  a  piece  of  silicified  wood,  some  little  specks,  which  were 
only  just  visible  to  the  naked  eye :  these  specks,  when  placed  by 
him  under  a  lens  of  high  power,  presented  a  beautiful  appearance : 
they  were  perfectly  circular,  and  consisted  of  the  finest  fibres  of  a 
brown  colour,  radiating  with  great  exactness  from  a  common  centre. 
These  little  radiating  stars  are  occa  iorally  intersected,  and  portions 
are  quite  cut  oti  by  the  fine,  ribbon-like  zones  of  colour  in  the  agate. 
In  the  obsidian  of  Ascension,  the  halves  of  a  spluerulite  often  Ue  in 
different  zones  of  colour,  but  they  are  not  out  o£E  by  them,  as  in  ihm 
■gate. 
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resemble  those  produced  in  glass,  when  slowly  cooled. 
In  some  fine  specimens  of  partiallj  devitiified  glass, 
in  the  possession  of  Mr.  Stokes,  the  sphsBmlites  are 
united  into  straight  layers  with  even  sides,  parallel  to 
each  other,  and  to  one  of  the  outer  surfaces,  exactly  as 
in  the  obsidian.  These  layers  sometimes  interbranch 
and  form  loops ;  but  I  did  not  see  any  case  of  actual 
intersection.  They  form  the  passage  fix)m  the  perfectly 
glassy  portions,  to  those  nearly  homogeneous  and  stony, 
with  only  an  obscure  concretionary  structure.  In  the 
same  specimen,  also,  sphaerulites  differing  slightly  in 
colour  and  in  structure,  occur  embedded  close  together. 
Considering  these  facts,  it  is  some  confirmation  of  the 
view  above  given  of  the  concretionary  origin  of  the 
obsidian  and  natural  sphsBrulites,  to  find  that  M.  Dar- 
tigues,^  in  his  curious  paper  on  this  subject,  attributes 
the  production  of  sphaerulites  in  glass,  to  the  different 
ingredients  obeying  their  own  laws  of  attraction  and 
becoming  aggregated.  He  is  led  to  belicvo  that  this 
takes  place,  fi'om  the  diflSculty  in  remelting  sphaerulitic 
glass,  without  the  whole  be  first  thoroughly  pounded 
and  mixed  together ;  and  likewise  from  the  fact,  that 
the  change  takes  place  most  readily  in  glass  composed 
of  many  ingredients.  In  confirmation  of  M.  Dartigues' 
view,  I  may  remark,  that  M.  Fleurian  de  Bellevue^ 
lound  that  the  sphaerulitic  portions  of  devitrified  glass 
were  acted  on  both  by  nitric  acid  and  under  the  blow- 
pipe, in  a  difierent  manner  from  the  compact  paste  in 
which  they  were  embedded. 

Compomson  of  the  obsidian  beds  and  alternating 
strata  of  Ascension^  with  those  of  other  countries, — 
I  have  been  struck  with  much  surprise,  how  closely  the 
excellent  description  of  the  obsidian  rocks  of  Hungary, 

'  •  Joarxml  de  Physique,'  to  n.  69  (1804),  pp.  10,  IS. 
•  Idem,  torn.  60  (1805),  p.  418. 
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given  by  Beuclant,*  and  that  by  Humboldt,  of  the  same 
formation  in  Mexico  and  Pem,^  and  likewise  the  descrip- 
tions given  by  several  authors  •  of  the  trachy tic  regions 
in  the  Italian  islands,  agree  with  my  observations  at 
Ascension.  Many  passages  might  have  been  transferred 
without  alteration  from  the  works  of  the  above  authors, 
and  would  have  been  applicable  to  this  island.  They 
all  agree  in  the  laminated  and  stratified  character  of 
the  whole  series  ;  and  Humboldt  speaks  of  some  of  the 
beds  of  obsidian  being  ribboned  like  jasper.*  They  all 
agree  in  the  nodular  or  concretionary  character  of  the 
obsidian,  and  of  the  passage  of  these  nodules  into  layers. 
They  all  refer  to  the  repeated  alternations,  often  in  un- 
dulatory  planes,  of  glassy,  pearly,  stony,  and  crystalline 
layers :  the  crystalline  layers,  however,  seem  to  be  much 
more  perfectly  developed  at  Ascension,  than  in  the 
above-named  countries.  Humboldt  compares  some  of 
the  stony  beds,  when  viewed  from  a  distance,  to  strata 
of  a  schistose  sandstone.  SphaBrulites  are  described  as 
occurring  abundantly  in  all  cases ;  and  they  everywhere 

*  •  Voyage  en  Hongrie,'  torn.  i.  p.  330 ;  torn.  ii.  pp.  221  and  316 ; 
torn.  iii.  pp.  36y,  371,  377,  381. 

»  'Kssai  G^ognostique,'  pp.  176,  326,  328. 

■  P.  Scrope,  in  *  Geological  Transactions,*  vol.  ii.  (second  scries) 
p.  195.  Consult,  alro,  Dolimieu*s  *  Voyage  aux  Isles  Lipari,*  and 
D*Aubnisson,  •  Trait6  de  G6ogn.'  torn.  ii.  p.  634. 

*  In  Mr.  Stoker'  tine  collection  of  obsidians  from  Mexico,  I 
observe  that  the  sphaerulites  are  generally  much  larger  than  those  of 
Ascension ;  they  are  generally  white,  opaque,  and  are  united  into 
distinct  layers:  there  are  many  singular  varieties,  different  from 
any  at  Ascension.  The  obsidians  are  finely  zoned,  in  quite  straight 
or  curved  lines,  with  exceedingly  slight  differences  of  tint,  of 
ccllularity,  and  of  more  or  less  perfect  degrees  of  glassiness.  Tracings 
some  of  the  less  perfectly  glassy  zones,  they  are  seen  to  become 
studded  with  minute  white  sphfcrulitcs,  which  become  more  and 
more  numerous,  until  at  last  they  unite  and  form  a  distinct  layer : 
on  the  other  hand,  at  Ascension,  only  the  brown  sphnsrulites  unite 
and  form  layers ;  the  white  ones  always  being  irregularly  dis- 
seminated. Some  specimens  at  the  Geological  Society,  said  to 
belong  to  an  obsidian  formation  from  Mexico,  have  an  earthy  frac- 
ture, and  are  divided  in  the  finest  parallel  lamina;,  by  specks  of  a 
black  mineral,  like  the  augitic  or  hornblendic  specks  in  the  rocks  at 
Ascension. 
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seem  to  mark  the  passage,  from  the  perfectly  glassy  to 
the  stony  and  crystalline  beds.  Beadant's  account  ^  of 
his  *perlite  lithoide  globulaire'  in  every,  even  the 
most  trifling  particular,  might  have  been  written  for 
the  little  brown  sphasrulitic  globules  of  the  rocks  of 
Ascension. 

From  the  close  similarity  in  so  many  respects,  be- 
tween the  obsidian  formations  of  Hungary,  Mexico, 
Pern,  and  of  some  of  the  Italian  islands,  with  that  of 
Ascension,  I  can  hardly  doubt  that  in  all  these  cases, 
the  obsidian  and  the  sphaBrulites  owe  their  origin  to  a 
concretionary  aggregation  of  the  silica,  and  of  some  of 
the  other  constituent  elements,  taking  place  whilst  the 
liquefied  mass  cooled  at  a  certain  required  rata.  It  is, 
however,  well  known,  that  in  several  places,  obsidian 
has  flowed  in  streams  like  lava ;  for  instance,  at  Teneriffe, 
at  the  Lipari  Islands,  and  at  Iceland.^  In  these  cases, 
the  superficial  parts  are  the  most  perfectly  glassy,  the 
obsidian  passing  at  the  depth  of  a  few  feet  into  an  opaque 
stone.  In  an  analysis  by  Vauquelin  of  a  specimen  of 
obsidian  from  Hecla,  which  probably  flowed  as  lava,  the 
proportion  of  silica  is  nearly  the  same  as  in  the  nodular 
or  concretionary  obsidian  from  Mexico.  It  would  bo 
interesting  to  ascertain,  whether  the  opaque  interior 
portions  and  the  superficial  glassy  coating  contained 
the  same  proportional  constituent  parts  :  we  know  from 
M.  Dufr^noy*  that  the  exterior  and  interior  parts  of 
the  same  stream  of  lava  sometimes*  differ  considerably 
in  their  composition.  Even  should  the  whole  body  ot 
the  stream  of  obsidian  turn  out  to  be  similarly  com- 

"  Bcudant'B  « Voyage,'  torn.  iil.  p.  373. 

*  For  Teneriffe,  see  Von  Bach,  *  Descript.  des  Isles  Canaries,*  pp. 
184  and  190 ;  for  the  Lipari  Islands,  see  Dolimieu's  *  Voyage,'  p.  34 ; 
for  Iceland,  see  Mackenzie's  *  Travels,'  p.  369. 

*  '  M^moires  poor  servir  &  one  Descript.  G^folog.  de  la  France/ 
torn.  iv.  p.  371. 
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posed  with  nodnlar  obsidian,  it  would  only  be  necessary, 
in  accordance  with  the  foregoing  facts,  to  suppose  that 
lava  in  these  instances  had  been  erupted  with  its  ingre- 
dients mixed  in  the  same  proportion,  as  in  the  concre- 
tionary obsidian. 

Lamination  of  volcanic  rocks  of  the  frachytic  series. 

We  have  seen  that,  in  several  and  widely  distant 
countries,  the  strata  alternating  with  beds  of  obsidian, 
are  highly  laminated.  The  nodules,  also,  both  large 
and  small,  of  the  obsidian,  are  zoned  with  different 
shades  of  colour;  and  I  have  seen  a  specimen  from 
Mexico  in  Mr.  Stokes*  collection,  with  its  external 
surface  weathered  ^  into  ridges  and  furrows,  correspond- 
ing with  the  zones  of  different  degrees  of  glassiness: 
Humboldt,^  moreover,  found  on  the  Peak  of  Teneriffe, 
a  stream  of  obsidian  divided  by  very  thin,  alternating, 
layers  of  pumice.  Many  other  lavas  of  the  feldspathio 
series  are  laminated  ;  thus,  masses  of  common  trachyte 
at  Ascension  are  divided  by  fine  earthy  lines,  along 
which  the  rock  splits,  separating  thin  layers  of  slightly 
different  shades  of  colour ;  the  greater  number,  also,  of 
the  embedded  crystals  of  glassy  feldspar  are  placed 
lengthways  in  the  same  direction.  Mr.  P.  Scrope  *  has 
described  a  remarkable  columnar  trachyte  in  the 
Panza  Islands,  which  seems  to  have  been  injected  into 
an  overlying  mass,  of  trachytic  conglomerate:  it  is 
striped  with  zones,  often  of  extreme  tenuity,  of  dif- 
ferent textures  and  colours;   the  harder  and  darker 

*  MacCuUoch  stntos  ('  Classification  of  Rocks/  p.  531),  that  the 
exposed  surfaces  of  the  pitchstone  dikes  in  Arran  are  furrowed, 
'with  undulatinj]^  lines,  resembling  certain  varieties  of  marbled 
paper,  and  which  evi<lentlj  result  from  some  corresponding  diffeienot 
of  laminar  structure.* 

'  *  Personal  Narrative/  vol.  i.  p.  222. 

"  '  Geological  Transactions/  voL  ii.  (second  feries)  p.  19ft. 
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zones  appearing  to  contain  a  larger  proportion  of  silica. 
In  another  part  of  the  island,  there  are  layers  of  pearl- 
stone  and  pitchstone,  which  in  many  respects  resemble 
those  of  Ascension.  The  zones  in  the  columnar  trachyte 
are  generally  contorted;  they  extend  uninterruptedly 
for  a  great  length  in  a  vertical  direction,  and  apparently 
parallel  to  the  walls  of  the  dike-like  mass.  Von  Buch* 
has  described  at  Tenerifie,  a  stream  of  lava  containing 
innumerable,  thin,  plate-like  crystals  of  feldspar,  which 
are  arranged  like  white  threads,  one  behind  the  other, 
and  which  mostly  follow  the  same  direction.  Dolimieu* 
also  states,  that  the  gray  lavas  of  the  modem  cone  of 
Vulcano,  which  have  a  vitreous  texture,  are  streaked 
with  parallel  white  lines:  he  further  describes  a  solid 
pumice-stone  which  possesses  a  fissile  structure,  like 
that  of  certain  micaceous  schists.  PhonoUte,  which  I 
may  observe  is  often,  if  not  always,  an  injected  rock, 
also,  often  has  a  fissile  structure ;  this  is  generally  due 
to  the  parallel  position  of  the  embedded  crystals  of 
feldspar,  but  sometimes,  as  at  Fernando  Noronha,  seems 
to  be  nearly  independent  of  their  presence.'  From 
these  facts  we  see,  that  various  rocks  of  feldspathic 
series  have  either  a  laminated  or  fissile  structure,  and 
that  it  occurs  both  in  masses,  which  have  been  injected 
into  overlying  strata,  and  in  others  which  have  flowed 
as  streams  of  lava. 

The  laminsB  of  the  beds,  alternating  with  the  obsi- 
dian at  Ascension,  dip  at  a  high  angle  under  the  moun- 

>  *  Description  des  lies  Canaries/  p.  184. 

*  '  Voyage  anx  Isles  de  Lipari,'  pp.  36  and  86. 

*  In  this  case,  and  in  that  of  the  fissile  pumice-stone,  the  struc- 
ture is  very  different  from  that  in  the  foregoing  cases,  where  the 
laminsB  consist  of  alternate  layers  of  different  composition  or  texture. 
In  some  sedimentary  formations,  however,  which  apparently  are 
homogeneous  and  fissile,  as  in  glossy  clay-slate,  there  is  reason  to 
believe,  according  to  D'Aubuisson,  that  the  laminiw  are  really  due  to 
excessively  thin,  alternating,  layers  of  mica. 
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tain,  at  the  base  of  which  thej  are  situated ;  and  they 
do  not  appear  as  if  they  had  been  inclined  by  violence. 
A  high  inclination  is  common  to  these  beds  in  Mexico, 
Peru,  and  in  some  of  the  Italian  islands  :  *  on  the  other 
hand,  in  Hungary,  the  layers  are  horizontal;  the 
laminae,  also,  of  some  of  the  lava-streams  above  referred 
to,  as  far  as  I  can  understand  the  descriptions  given 
of  them,  appear  to  be  highly  inclined  or  vertical.  I 
doubt  whether  in  any  of  these  cases,  the  laminae  have 
been  tilted  into  their  present  position;  and  in  some 
instances,  as  in  that  of  the  trachyte  described  by  Mr. 
Scrope,  it  is  almost  certain  that  they  have  been  origin- 
ally formed  with  a  high  inclination.  In  many  of  these 
cases,  there  is  evidence  that  the  mass  of  liquefied  rock 
has  moved  in  the  direction  of  the  laminae.  At  Ascen- 
sion, many  of  the  air-cells  have  a  drawn-out  appearance, 
and  are  crossed  by  coarse  semi-glassy  fibres,  in  the 
direction  of  the  laminae ;  and  some  of  the  layers,  sepa- 
rating the  sphaerulitic  globules,  have  a  scored  appear- 
ance, as  if  produced  by  the  grating  of  the  globules.  I 
have  seen  a  specimen  of  zoned  obsidian  from  Mexico, 
in  Mr.  Stokes'  collection,  with  the  surfaces  of  the  best- 
defined  layers  streaked  or  furrowed  with  parallel  lines ; 
and  these  lines  or  streaks  precisely  resembled  those, 
produced  on  the  surface  of  a  mass  of  artificial  glass  by 
its  having  been  poured  out  of  a  vessel.  Humboldt, 
also,  has  described  little  cavities,  which  he  compares  to 
the  tails  of  comets,  behind  sphaerulites  in  laminated  obsi- 
dian rocks  from  Mexico,  and  Mr.  Scrope  has  described 
other  cavities  behind  fragments  embedded  in  his  lami- 
nated trachyte,  and  which  he  supposes  to  have   been 

'  See  Phillij>s'8  •  Mineralogry/  for  the  Italian  Islands,  p.  13^ 
Fv^r  Moxiot>  and  Peru,  see  Humboldt  s  •  Essai  G^ognostiqne.'  Mr. 
Kdw;inK  alfio,  dosiTilies  the  high  inclination  of  the  obsidian  rocks 
of  the  Corro  del  Navaja  in  Mexico,  in  the  '  Proc  of  the  Geolog.Soo.' 
for  June,  l^S. 
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produced  dnring  the  movement  of  the  mass.'  From 
such  facts,  most  authors  have  attributed  the  lamination 
of  these  volcanic  rocks  to  their  movement  whilst  lique- 
fied. Although  it  is  easy  to  perceive,  why  each  separate 
air-cell,  or  each  fibre  in  pumice-stone,^  should  be  drawn 
out  in  the  direction  of  the  moving  mass ;  it  is  by  no 
means  at  first  obvious  why  such  air-cells  and  fibres 
should  be  arranged  by  the  movement,  in  the  same 
planes,  in  laminaa  absolutely  straight  and  parallel  to 
each  other,  and  often  of  extreme  tenuity ;  and  still  less 
obvious  is  it,  why  such  layers  should  come  to  be  of 
slightly  different  composition  and  of  different  textures. 
In  endeavouring  to  make  out  the  cause  of  the 
lamination  of  the  igneous  feldspathic  rocks,  let  us 
return  to  the  facts  so  minutely  described  at  Ascension. 
We  there  see,  that  some  of  the  thinnest  layers  are 
chiefly  formed  by  numerous,  exceedingly  minute,  though 
perfect,  crystals  of  different  minerals ;  that  other  layers 
are  formed  by  the  union  of  different  kinds  of  concre- 
tionary globules,  and  that  the  layers  thus  formed,  often 
cannot  be  distinguished  from  the  ordinary  feldspathic 
and  pitchstone  layers,  composing  a  large  portion  of  the 
entire  mass.  The  fibrous  radiating  structure  of  the 
sphaerulites  seems,  judging  from  many  analogous  cases, 
to  connect  the  concretionary  and  crystalline  forces :  the 
separate  crystals,  also,  of  feldspar  all  lie  in  the  same 

•  *  Geological  Transactions,*  vol.  ii.  (second  series)  p.  200,  &a 
These  embedded  fragments,  in  some  instances,  consist  of  the  lami- 
nated trachyte  broken  off  and  *  enveloped  in  those  parts,  which  still 
remained  liquid.'  Beadant,  also,  frequently  refers,  in  liis  great  work 
on  '  Hungary '  (torn.  iii.  p.  386),  to  trachytic  rocks,  irregularly  spotted 
with  fragments  of  the  same  varieties,  which  in  other  parts  form  the 
parallel  ribbons.  In  these  cases,  we  must  suppose,  that  after  part 
of  the  molten  mass  had  assumed  a  laminated  strnctnre,  a  frcsb 
irruption  of  lava  broke  up  the  mass,  and  involved  fragments,  and 
that  subsequently  the  whole  became  relaminated. 

■  DoUmien's  *  Voyage,*  p.  64. 
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parallel  planes.*  These  allied  forces,  therefore,  have 
played  an  important  part  in  the  lamination  of  the  mass, 
but  they  cannot  be  considered  the  primary  force ;  for 
the  several  kinds  of  nodules,  both  the  smallest  and  the 
largest,  are  internally  zoned  with  excessively  fine  shades 
of  colour,  parallel  to  the  lamination  of  the  whole ;  and 
many  of  them  are,  also,  externally  marked  in  the  same 
direction  with  ptu^allel  ridges  and  furrows,  which  have 
not  been  produced  by  weathering. 

Some  of  the  finest  streaks  of  colour  in  the  stony 
layers,  alternating  with  the  obsidian,  can  be  distinctly 
seen  to  be  due  to  an  incipient  crystallisation  of  the 
constituent  minerals.  The  extent  to  which  the  minerals 
have  crystallised  can,  also,  be  distinctly  seen  to  be 
connected  with  the  greater  or  less  size,  and  with  the 
number,  of  the  minute,  flattened,  crenulated  air-cavities 
or  fissures.  Numerous  facts,  as  in  the  case  of  geodes, 
and  of  cavities  in  silicified  wood,  in  primary  rocks,  and 
in  veins,  show  that  crystallisation  is  miich  favoured 
by  space.  Hence,  I  conclude,  that,  if  in  a  mass  of 
cooling  volcanic  rock,  any  cause  produced  in  parallel 
planes  a  number  of  minute  fissures  or  zones  of  less 
tension,  (which  from  the  pent-up  vapours  would  often 
be  expanded  into  crenulated  air-cavities),  the  crystal- 
lisation of  the  constituent  parts,  and  probably  the  for- 
mation of  concretions,  would  be  superinduced  or  much 
favoured  in  such  planes ;  and  thus,  a  laminated  struc- 
ture of  the  kind  we  are  here  considering  would  be 
generated. 

That  some  cause  does  produce  parallel  zones  of  less 

>  The  formatioD,  indeed,  of  a  large  crystal  of  any  mineral  in  a 
rock  of  mixed  composition  implies  an  aggregation  of  the  requisite 
atoms,  allied  to  concretionary  action.  The  cause  of  the  ozystals  of 
feldspar  in  these  rocks  of  Ascension,  being  all  placed  lengthways,  is 
probably  the  same  with  that  which  elongates  and  flattens  aU  the 
brown  sphserulitic  globules  (which  behave  like  feldspar  onder  tha 
blowpipe)  in  this  same  direction. 
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tension  in  volcanic  rocks,  dnring  their  consolidation,  wo 
mnst  admit  in  the  case  of  the  thin  alternate  layers  of 
obsidian  and  pumice  described  by  Humboldt,  and  of 
the  small,  flattened,  crenulated  air-cells  in  the  lami- 
nated rocks  of  Ascension ;  for  on  no  other  principle  can 
we  conceive  why  the  confined  vapours  should  through 
their  expansion  form  air-cells  or  fibres  in  separate, 
parallel  planes,  instead  of  irregularly  throughout  the 
mass.  In  Mr.  Stokes'  collection,  I  have  seen  a 
beautiful  example  of  this  structure,  in  a  specimen  of 
obsidian  from  Mexico,  which  is  shaded  and  zoned,  like 
the  finest  agate,  with  numerous,  straight  parallel  layers, 
more  or  less  opaque  and  white,  or  almost  perfectly 
glassy ;  the  degree  of  opacity  and  glassiness  depending 
on  the  number  of  microscopically  minute,  flattened 
air-cells ;  in  this  case,  it  is  scarcely  possible  to  doubt 
but  that  the  mass,  to  which  the  fragment  belonged, 
must  have  been  subjected  to  some,  probably  prolonged, 
action,  causing  the  tension  slightly  to  vary  in  the  suc- 
cessive planes. 

Several  causes  appear  capable  of  producing  zoi^s  of 
diflerent  tension,  in  masses  semi-liquefied  by  heat.  In 
a  fragment  of  devitrified  glass,  I  have  observed  layers 
of  spheerulites  which  appeared,  from  the  manner  in 
which  they  were  abruptly  bent,  to  have  been  produced 
by  the  simple  contraction  of  the  mass  in  the  vessel,  in 
which  it  cooled.  In  certain  dikes  on  mount  Etna,  de- 
scribed by  M.  Elie  de  Beaumont,*  as  bordered  by  alter- 
nating bands  of  scoriaceous  and  compact  rock,  one  is 
led  to  suppose  that  the  stretching  movement  of  the 
surrounding  strata,  which  originally  produced  the 
fissures,  continued  whilst  the  injected  rock  remained 
fluid.     Guided,  however,  by  Professor  Forbes'*  clear 

«  •  M6m.  pour  servir,'  &c.,  torn.  iv.  p.  131. 

•  *£dinbaigh  New  Phil.  Joomal/  1842,  p.  360. 
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description  of  the  zoned  structure  of  glacier-ice,  far  the 
most  probable  explanation  of  the  laminated  structure 
of  these  feldspatliic  rocks  appears  to  be,  that  they  have 
been  stretched  whilst  slowly  flowing  onwards  in  a  pasty 
condition,*  in  precisely  the  same  manner  as  Professor 
Forbes  believes,  that  the  ice  of  moving  glaciers  is 
stretched  and  fissured.  In  both  cases,  the  zones  may 
l>e  compared  to  those  in  the  finest  agates;  in  both, 
they  extend  in  the  direction  in  which  the  mass  has 
flowed,  and  those  exposed  on  the  surface  are  generally 
vertical :  in  the  ice,  the  porous  laminae  are  rendered 
distinct  by  the  subsequent  congelation  of  infiltrated 
water,  in  the  stony  feldspathic  lavas,  by  subsequent 
crystalline  and  concretionary  action.  The  fragment  of 
glassy  obsidian  in  Mr.  Stokes'  collection,  which  is  zoned 
with  minute  air-cells,  must  strikingly  resemble,  judging 
from  Professor  Forbes'  descriptions,  a  fragment  of  the 
zoned  ice ;  and  if  the  rate  of  cooling  and  nature  of  the 
mass  had  been  favourable  to  its '  crvstallisation  or  to 
concretionary  action,  we  should  here  have  had  the  finest 
par^jUel  zones  of  different  composition  and  texture. 
In  glaciers,  the  lines  of  porous  ice  and  of  minute 
crcjvices  seem  to  be  due  to  an  incipient  stretching, 
caused  by  the  central  parts  of  the  frozen  stream  moving 
faster  than  the  sides  and  bottom,  which  are  retarded  by 
friction :  hence  in  glaciers  of  certain  forms  and  towards 
the  lower  end  of  most  glaciers,  the  zones  become  hori- 
zontal. Alay  we  venture  to  suppose  that  in  the  feld- 
spatliic lavas  with  horizontal  laminae,  we  see  an  analo- 
gous case  ?  All  geologists,  who  have  examined  trachytic 
regions,  have  come  to  the  conclusion,  that  the  lavas  of 

>  I  prosnmo  tliat  th's  is  nearly  the  same  explanation  which  Mr. 
Roroj)o  hfwl  in  his  mind,  when  he  speaks  (•  Geolog.  Transact.*  voL  ii. 
Hi'(!on(l  si-rics,  p.  22H)  of  the  ribboned  structure  of  his  trachytic  rocks, 
having  arisen,  from  *a  linear  extension  of  the  mass,  while  in  a  Btftte 
of  imiHTfect  liquidity,  coupled  with  a  concretionary  process.' 
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tills  series  have  possessed  an  exceedingly  imperfect 
fluidity;  and  as  it  is  evident  that  only  matter  thus 
characterised  would  be  subject  to  become  fissared  and 
to  be  formed  into  zones  of  different  tensions,  in  the 
manner  here  supposed,  we  probably  see  the  reason  why 
augitic  lavas,  which  appear  generally  to  have  possessed 
a  high  degree  of  fluidity,  are  not,*  like  the  feldspathic 
lavas,  divided  into  lamins8  of  different  composition  and 
texture.  Moreover,  in  the  augitic  series,  there  never 
appears  to  be  any  tendency  to  concretionary  action, 
which  we  have  seen  plays  an  important  part  in  the 
lamination  of  rocks  of  the  trachytic  series,  or  at  least  in 
rendering  that  structure  apparent. 

Whatever  may  be  thought  of  the  explanation  here 
advanced  of  the  laminated  structure  of  the  rocks  of  the 
trachytic  series,  I  venture  to  call  the  attention  of  geolo- 
gists to  the  simple  fact,  that  in  a  body  of  rock  at 
Ascension,  undoubtedly  of  volcanic  origin,  layers  often 
of  extreme  tenuity,  quite  straight,  and  parallel  to  each 
other,  have  been  produced ; — some  composed  of  distinct 
crystals  of  quartz  and  diopside,  mingled  with  amorphous 
augitic  specks  and  granular  feldspar,— others  entirely 
composed  of  these  black  augitic  specks,  with  granules 
of  oxide  of  iron, — and  lastly,  others  formed  of  crystal- 
line feldspar,  in  a  more  or  less  perfect  state  of  purity, 
together  with  numerous  crystals  of  feldspar,  placed 
lengthways.  At  this  island,  there  is  reason  to  believe, 
and  in  some  analogous  cases,  it  is  certainly  known,  that 
the  laminas  have  originally  been  formed  with  their  pre- 


1  Basaltic  lavas,  and  many  other  rocks,  are  not  nnfrequently 
divided  into  thick  laminas  or  plates,  of  the  same  composition,  whicli 
are  either  straight  or  curved ;  these  being  crossed  by  vertical  lines 
of  fissare,  sometimes  become  united  into  columns.  This  structure 
seems  related,  in  its  origin,  to  that  by  which  many  rocks,  both 
igneous  and  sedimentary,  become  traversed  by  parallel  sj  stems  of 
fissures. 
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higb  incliiution.  Facta  of  this  nature  are  mani- 
f!t«tly  of  importance,  with  relaticm  to  the  stroctnral 
ori^'n  of  that  grand  aeries  of  platonic  rocks,  which  like 
tfa«  volcanic  have  undergone  the  action-  of  heat,  and 
which  consist  of  alternate  layers  of  qnartz,  feldspar, 
mica,  and  other  materials. 


CHAPTER  IV. 

ST.  HELENA. 

Lara*  qfthefeld»pathie^  hataUio,  and  submarins  series — Section  Flof* 
staff  Hill  and  of  ike  Btum — Dikes— Tut  h*s  Cap  and  Prosperous 
Bays—BasaUio  ring — Central  eraterifarm  ridge,  fcitk  an  internal 
ledge  and  a  parapet — Cones  of  phonolite — Sttperjicial  beds  of  cal- 
careous sandstone — Extinct  land-shfUs—Beds  of  detritus — EUn^ 
tion  of  the  land — Denudation —  Craters  of  elevation. 

The  whole  island  is  of  volcanic  origin ;  its  circumference, 
according  to  Beatson,*  is  about  twenty-eight  miles. 
The  central  and  largest  part  consists  of  rocks  of  a  feld- 
epathic  nature,  generally  decomposed  to  an  extraordi- 
nary degree  ;  and  when  in  this  state,  presenting  a  singu- 
lar assemblage  of  alternating,  red,  purple,  brown,  yellow, 
and  white,  soft,  argillaceous  beds.  From  the  shortness 
of  our  visit,  I  did  not  -examine  these  beds  with  care ; 
some  of  them,  especially  those  of  the  white,  yellow, 
and  brown  shades,  originally  existed  as  streams  of  lava, 
but  the  greater  number  were  probably  ejected  in  the 
form  of  scoriae  and  ashes :  other  beds  of  a  purple  tint, 
porphyritic  with  crystal-shaped  patches  of  a  white,  soft 
substance,  which  are  now  unctuous,  and  yield,  like 
wax,  a  polished  streak  to  the  nail,  seem  once  to  have 
existed  as  solid  claystone-porphyries :  the  red  argil- 
laceous beds  generally  have  a  brecciated  structure,  and 
no  doubt  have  been  formed  by  the  decomposition  of 

■  Governor  Beatson*8  '  Aocoant  of  St.  Heleaa.' 
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ficorisD.  Several  extensive  streams,  however,  belonging 
to  this  series,  retain  their  stony  character;  these  are 
either  of  a  blac  ki&h-green  colour,  with  minute  acicniar 
crystals  of  feldspar,  or  of  a  very  pale  tint,  and  almost 
composed  of  minnte,  often  scaly,  crystals  of  feldspar, 
abounding  with  microscopical  black  specks;  they  are 
generally  compact  and  laminated ;  others,  however,  of 
similar  composition,  are  cellular  and  somewhat  decom- 
posed. None  of  these  rocks  contain  large  crystals  of 
feldspar,  or  have  the  harsh  fracture  peculiar  to  trachyte. 
These  feldspathic  lavas  and  tuffs  are  the  uppermost  cr 
those  last  erupted ;  innumerable  dikes,  however,  and 
great  masses  of  molten  rock,  have  subsequently  been 
injected  into  them.  They  converge,  as  they  rise, 
towards  the  central  curved  ridge,  of  which  one  point 
attains  the  elevation  of  2,700  feet.  This  ridge  is  the 
highest  land  in  the  island;  and  it  once  formed  the 
northern  rim  of  a  great  crater,  whence  the  lavas  of  this 
series  flowed :  from  its  ruined  condition,  from  the 
southern  half  having  been  removed,  and  from  the 
violent  dislocation  which  the  whole  island  has  under^ 
gone,  its  structure  is  rendered  very  obscure. 

Basaliic  series, — The  margin  of  this  island  is 
formed  by  a  rude  circle  of  great,  black,  stratified,  ram- 
parts of  basalt,  dipping  seaward,  and  worn  into  cliffs, 
which  are  often  nearly  perpendicular,  and  vary  in 
height  from  a  few  hundred  feet  to  two  thousand. 
This  circle,  or  rather  horse-shoe  shaped  ring,  is  open  to 
the  south,  and  is  breached  by  several  other  wide  spaces. 
Its  rim  or  summit  generally  projects  little  above  the 
level  of  the  adjoining  inland  country;  and  the  more 
recent  feldspathic  lavas,  sloping  down  from  the  central 
heights,  generally  abut  against  and  overlap  its  inner 
margin  ;  on  the  north-western  side  of  the  island,  how- 
ever,  they  appear  (judging  ft*om  a  distance)  to  have 
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flowed  over  and  concealed  portions  of  it.  In  some 
parts,  where  the  basaltic  ring  had  been  breached,  and 
the  black  ran;  parts  stand  detached,  the  feldspathic 
lavas  have  passed  between  them,  and  now  overhang 
the  sea-coast  in  lofty  clifis.  The  basaltic  rocks  are  of  a 
black  colour  and  thinly  stratified ;  they  are  generally 
highly  vesicular,  but  occasionally  compact ;  some  of 
them  contain  numerous  crystals  of  glassy  feldspar  and 
octahedrons  of  titaniferous  iron ;  others  abound  with 
crystals  of  augite  and  grains  of  olivine.  The  vesicles 
are  frequently  lined  with  minute  crystals  (of  chabasie  ?) 
and  even  become  amygdaloidal  with  them.  The 
streams  are  separated  from  each  other  by  cindery 
matter,  or  by  a  bright  red,  friable,  saliferous  tuff,  which 
is  marked  by  successive  lines  like  those  of  aqueous 
deposition ;  and  sometimes  it  has  an  obscure,  concre- 
tionary structure.  The  rocks  of  this  basaltic  series 
occur  nowhere  except  near  the  coast.  In  most  volcanic 
districts  the  trachytic  lavas  are  of  anterior  origin  to  the 
basaltic ;  but  here  we  see,  that  a  great  pile  of  rock, 
closely  related  in  composition  to  the  trachytic  family, 
has  been  erupted  subsequently  to  the  basaltic  strata : 
the  number,  however,  of  dikes,  abounding  with  large 
crystals  of  augite,  with  which  the  feldspathic  lavas  have 
been  injected,  shows  perhaps,  some  tendency  to  a  re- 
turn to  the  more  usual  order  of  superposition. 

Basal  submarine  lavas. — ^The  lavas  of  this  basal 
series  lie  immediately  beneath  both  the  basaltic  and 
feldspathic  rocks.  According  to  Mr.  Scale,*  they  may 
be  seen  at  intervals  on  the  sea- beach  round  the  entire 
island.  In  the  sections  which  I  examined,  their  nature 
varied  much ;  some  of  the  strata  abound  with  crystals  of 

■  <  Geognosy  of  the  Island  of  Rt.  Helena  *  Mr.  Seale  has  con- 
stmcted  a  gigantic  model  of  St.  Helena,  well  worth  visiting,  which 
Ib  now  deposited  at  Addisoombe  College,  in  Surrey. 


86 


Si.  Helena. 


PABT  I. 


augite ;  others  are  of  a  brown  colour,  either  lami- 
nated or  in  a  rubbly  condition ;  and  many  parts  are 
highly  araygdaloidal  with  calcareous  matter.  The 
successive  sheets  are  either  closely  united  together,  or 
are  separated  from  each  other  by  beds  of  scoriaceous 
rock  and  of  laminated  tuff,  frequently  containing  well- 
rounded  fragments.  The  interstices  of  these  beds  are 
filled  with  gypsum  and  salt ;  the  gypsum  also  sometimes 
occurring  in  thin  layers.  From  the  large  quantity  of 
these  two  substances,  from  the  presence  of  rounded 
pebbles  in  the  tuffs,  and  from  the  abundant  amygdaloids, 
I  cannot  doubt  that  these  basal  volcanic  strata  flowed  be- 
neath the  sea.  This  remark  ought  perhaps  to  be  extended 
to  a  part  of  the  superincumbent  basaltic  rocks  ;  but  on 
this  point,  I  was  not  able  to  obtain  clear  evidence.  The 
HtTata  of  the  basal  series,  whenever  I  examined  them, 
were  intersected  by  an  extraordinary  number  of  dikes. 

Flu/jdftff  Hill  and  the  Bam, — I  will  now  describe 
some  of  the  more  remarkable  sections,  and  will  com- 
mence with  these  two  hills,  which  form  the  principal 
external  feature  on  the  north-eastern  side  of  the  island. 
The  square,  angular  outline,  and  black  colour  of  the 
Barn,    at   once   show   that   it    belongs  to  the  basaltic 

No.  8. 


Flapstaff  Hill. 

2.27a  fijct  hU?h. 


The  Barn. 

2,(115  feet  high. 


The  iloubU'  liticAreprpsont  thobi<ia^tio  strata  :  the  Klntrlc,  the  basal  submarine  rtnita; 
the  ilutted,  the  upper  feliLs{iathic  Ktruta  ;  the  diked  are  shaded  tranffverwly. 

series ;  whilst  the  smooth,  conical  figure,  and  the 
varied  bright  tints  of  Flagstaff  Hill,  render  it  equally 
clear,  that  it  is  composed  of  the  softened,  feldspatihio 
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rocks.  These  two  lofty  hills  are  coDnected  (as  is  shown 
in  the  accompanying  woodcut)  by  a  sharp  ridge, 
which  is  composed  of  the  rubbly  lavas  of  the  basal 
series.  The  strata  of  this  ridge  dip  westward,  the  in- 
clination becoming  less  and  less  towards  the  Flagstaff; 
and  the  apper  feldspathic  strata  of  this  hill  can  be  seen, 
though  with  some  difficulty,  to  dip  conformably  to  the 
WSW.  Close  to  the  Bam,  the  strata  of  the  ridge  are 
nearly  vertical,  but  are  much  obscured  by  innumerable 
dikes ;  under  this  hill,  they  probably  change  from  being 
vertical  into  being  inclined  into  an  opposite  direction ; 
for  the  upper  or  basaltic  strata,  which  are  about  800 
or  1,000  feet  in  thickness,  are  inclined  north-eastward, 
at  an  angle  between  thirty  and  forty  degrees. 

This  ridge,  and  likewise  the  Bam  and  Flagstaff  Hills, 
are  interlaced  by  dikes,  many  of  which  preserve  a  re- 
markable parallelism  in  a  NNW.  and  SSE.  direction. 
The  dikes  chiefly  consist  of  a  rock,  porphyritic  with 
large  crystals  of  augite ;  others  are  formed  of  a  fine- 
grained and  brown-coloured  trap.  Most  of  these  dikes 
are  coated  by  a  glossy  layer,*  from  one  to  two-tenths  of 
an  inch  in  thickness,  which,  unlike  true  pitchstone, 
fuses  into  a  black  enamel ;  this  layer  is  evidently  ana- 
logous to  the  glossy  superficial  coating  of  many  lava 
streams.  The  dikes  can  often  be  followed  for  great 
lengths  both  horizontally  and  vertically,  and  they  seem 
to  preserve  a  nearly  uniform   thickness:*     Mr.  Scale 


*  This  circumstance  has  been  observed  (Lyell,  *  Principles  of 
Geology,*  voL  iv.  chap.  z.  p.  9)  in  the  dikes  of  the  Atrio  del  Cavallo, 
bat  apparently  it  is  not  of  very  common  occurrence.  Sir  G.  Mac- 
kenzie, however,  states  (<  Travels  in  Iceland/  p.  372)  that  all  the 
veins  in  Iceland  have  a  *  black  vitreous  coating  on  their  sides/  Capt. 
Carmichael,  speaking  of  the  dikes  in  Tristan  D'Acunha,  a  volcanic 
island  in  the  southern  Atlantic,  says  (*  Linnsean  Transactions/  vol. 
zii.  p.  485)  that  their  sides,  'where  they  come  in  contact  with  the 
rocks,  are  invariably  in  a  semi-vitriHed  state/ 

•  •  Geognoi^  of  the  Island  of  St.  Helena,*  plate  A. 
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states,  that  one  near  the  Bam,  in  a  height  of  1 ,260  feet, 
decreases  in  width  only  four  inches, — from  nine  feet  at 
the  bottom,  to  eight  feet  and  eight  inches,  at  the  top. 
On  the  ridge,  the  dikes  appear  to  have  been  goided  in 
their  coarse,  to  a  considerable  degree,  by  the  alterna- 
ting soft  and  hard  strata :  they  are  often  firmly  united 
to  the  harder  strata,  and  they  preserve  their  paral- 
lelism for  such  great  lengths,  that  in  very  many  in- 
stances it  was  impossible  to  conjecture,  which  of  the 
beds  were  dikes,  and  which  streams  of  lava.  The  dikes, 
though  so  numerous  on  this  ridge,  are  even  more 
numerous  in  the  valleys  a  little  south  of  it,  and  to  a 
degree  I  never  saw  equalled  anywhere  else:  in  these 
valleys  they  extend  in  less  regular  lines,  covering  the 
ground  with  a  network,  like  a  spider's  web,  and  with 
some  parts  of  the  surface  even  appearing  to  consist 
wholly  of  dikes,  interlaced  by  other  dikes. 

From  the  complexity  produced  by  the  dikes,  fix)m 
the  high  inclination  and  anticlinal  dip  of  the  strata  of 
the  basal  series,  which  are  overlaid,  at  the  opposite 
ends  of  the  short  ridge,  by  two  great  masses  of  different 
ages  and  of  different  composition,  I  am  not  surprised 
that  this  singular  section  has  been  misunderstood.  It 
has  even  been  supposed  to  form  part  of  a  crater;  but 
BO  far  is  this  from  having  been  the  case,  that  the  summit 
of  Flagstaff  Hill  once  formed  the  lower  extremity  of  a 
sheet  of  lava  and  ashes,  which  were  erupted  from  tlie 
central,  crateriform  ridge.  Judging  from  the  slope  of 
the  contemporaneous  streams  in  an  adjoining  and  un- 
disturbed part  of  the  island,  the  strata  of  the  Flagstaff 
Hill  must  have  been  upturned  at  least  twelve  hundred 
feet,  and  probably  much  more,  for  the  great  truncated 
dikes  on  its  summit  show  that  it  has  been  largely 
denuded.  The  summit  of  this  hill  now  nearly  equals 
in   height  the  crateriform  ridge;  and  before  having 
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beeu  denoded,  it  was  probably  higher  than  this  ridge, 
from  which  it  is  separated  by  a  broad  and  much  lower 
tract  of  ooantiy;  we  here,  therefore,  see  that  the  lower 
extremity  of  a  set  of  lava-streams  have  been  tilted  up 
to  as  great  a  height  as,  or  perhaps  gn^^ter  heij^ht  than, 
the  crater,  down  the  flanks  of  which  thev  oriirinallv 
flowed.  I  believe  that  dislocations  on  so  grand  a  scale 
are  extremely  rare  *  in  volcanic  districts.  The  forma- 
tion of  such  numbers  of  dikes  in  this  part  of  the  island 
shows  that  the  surface  must  here  have  been  stretched  to  a 
quite  extraordinary  degree :  this  stretching,  on  the  ridgei 
between  Flagstaff  and  Bam  Hills,  probably  took  place 
subsequently  (though  perhaps  immediately  so)  to  the 
strata  being  tilted;  for  had  the  strata  at  that  time 
extended  horizontally,  they  would  in  all  probability 
have  been  fissured  and  injected  transversely,  instead  of 
in  the  planes  of  their  stratification.  Although  the 
space  between  the  Bam  and  Flagstaff  Hill  presents  a 
distinct  anticlinal  line  extending  noirth  and  south,  and 
though  most  of  the  dikes  range  with  much  regularity 
in  the  same  line,  nevertheless,  at  only  a  mile  duo  south 
of  the  ridge  the  strata  lie  undisturbed.  Hence  the 
disturbing  force  seems  to  have  acted  under  a  point, 
rather  than  along  a  line.  The  manner  in  which  it  has 
acted,  is  probably  explained  by  the  structure  of  Little 
Stony-top,  a  mountain  2,000  feet  high,  situated  a  few 
miles  southward  of  the  Barn ;  we  there  see,  even  from 
a  distance,  a  dark-coloured,  sharp,  wedge  of  compact 
columnar  rock,  with  the  bright-coloured  feldspathio 
strata,  sloping  away  on  each  side  from  its  uncovered 
apex.  This  wedge,  from  which  it  derives  its  name  of 
Stony-top,  consists  of  a  body  of  rock,  which  has  been 

>  M.  Constant  Prerost  ('M6m.  de  la  Soo.  G^olog.'  torn,  ii.) 
observes,  that  Mes  prodnits  yolcaniques  n'ont  que  localement  et 
nuement  mSme  d^rang^  le  sol,  4  travers  lequel  lis  se  sont  fait  jour.* 
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injected  whilst  liqaefied  into  the  overlying  strata ;  and 
if  we  may  suppose  that  a  similar  body  of  rock  lies  in- 
jected, beneath  the  ridge  connecting  the  Bam  and  Flag- 
staflF,  the  structure  there  exhibited  would  be  explained. 
Turk's  Cap  and  Prosperous  Bays, — Prosperous 
Hill  is  a  great,  black,  precipitous  mountain,  situated 
two  miles  and  a  half  south  of  the  Bam,  and  composed, 
like  it,  of  basaltic  strata.  These  rest,  in  one  part,  on 
the  brown-coloured,  porphyritic  beds  of  the  basal  series, 
and  in  another  part,  on  a  fissured  mass  of  highly  scori- 
aceous  and  amygdaloidal  rock,  which  seems  to  have 
formed  a  small  point  of  eruption  beneath  the  sea,  con- 
temporaneously with  the  basal  series.  Prosperous  Hill, 
like  the  Barn,  is  traversed  by  many  dikes,  of  which  the 
greater  number  range  north  and  south,  and  its  strata 
dip,  at  an  angle  of  about  20°,  rather  obliquely  from  the 
island  towards  the  sea.  The  space  between  Prosperous 
Hill  and  the  Barn,  as  represented  in  this  woodcut,  con- 
sists of  lofty  cliffs,  composed  of  the  lavas  of  the  upper 
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The  double  linen  reprefient  the  hnmltic  fttrata :  the  idnirlo.  the  basal  submarine  strata 

the  dotted,  the  upiior  feldspathic  strata. 

or  feldspathic  series,  which  rest,  though  unconform- 
ably,  on  the  basal  submarine  strata,  as  we  have  seen 
that  they  do  at  Flagstaff  Hill.  But  differently  from 
what  occurs  in  that  hill,  these  upper  strata  are  nearly 
horizontal,  gently  rising  towards  the  interior  of  the 
island;  they  are  also  composed  of  greenish-black,  or 
more  commonly,  pale  brown,  compact  lavas,  instead  of 
softened  and  highly  coloured  matter.  These  brown- 
coloured,  compact  lavaSy  consist  almost  entirely  of  small 
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glimmering  scales,  or  of  minute  acicular  crystals,  of 
feldspar,  placed  close  by  the  side  of  each  other,  and 
abonnding  with  minute  black  specks,  apparently  of 
hornblende.  ITie  basaltic  strata  of  I^rosperous  Hill 
project  only  a  little  above  the  level  of  the  gently-sloping, 
feldspathic  streams,  which  wind  round  and  abut  against 
their  upturned  edges.  The  inclination  of  the  basaltic 
strata  seems  to  be  too  great,  to  have  been  caused  by 
their  having  flowed  down  a  slope,  and  they  must  have 
been  tilted  into  their  present  position  before  the  erup- 
tion of  the  feldspathic  streams. 

BcLsaltic  ring. — Proceeding  round  the  island,  the 
lavas  of  the  upper  series,  southward  of  Prosperous  Hill, 
overhang  the  sea  in  lofty  precipices.  Further  on,  the 
headland,  called  Great  Stony-top,  is  composed,  as  I 
believe,  of  basalt;  as  is  Long  Range  Point,  on  the 
inland  side  of  which,  the  coloured  beds  abut.  On  the 
southern  side  of  the  island,  we  see  the  basaltic  strata  of 
the  South  Bam,  dipping  obliquely  seaward  at  a  con- 
siderable angle ;  this  headland,  also,  stands  a  little 
above  the  level  of  the  more  modem,  feldspathic  lavas. 
Further  on,  a  large  space  of  coast,  on  each  side  of  Sandy 
Bay,  has  been  much  denuded,  and  there  seems  to  be 
left  only  the  basal  wreck  of  the  great,  central  crater. 
The  basaltic  strata  reappear,  with  their  seaward  dip,  at 
the  foot  of  the  hill  called  Man-and  -Horse ;  and  thence 
they  are  continued  along  the  whole  north-western  coast 
to  Sugar-Iioaf  Hill,  situated  near  to  the  Flagstaff;  and 
they  everywhere  have  the  same  seaward  inclination, 
and  rest,  in  some  parts  at  least,  on  the  lavas  of  the  basal 
series.  We  thus  see  that  the  circumference  of  the 
island  is  formed  by  a  much-broken  ring,  or  rather  a 
horse-shoe,  of  basalt,  open  to  the  south,  and  interrupted 
on  the  eastern  side  by  many  wide  breaches.  The 
breadth  of  this  marginal  fringe  on  the  north-western 
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side,  where  alone  it  is  at  all  perfect,  appears  to  vary 
from  a  mile  to  a  mile  and  a  half.  The  basaltic  strata, 
as  well  as  those  of  the  subjacent  basal  series,  dip,  with 
a  moderate  inclination,  where  they  have  not  been  sub- 
sequently disturbed,  towards  the  sea.  The  more  broken 
state  of  the  basaltic  ring  round  the  eastern  half,  com- 
pared with  the  western  half  of  the  island,  is  evidently 
due  to  the  much  greater  denuding  power  of  the  waves 
on  the  eastern  or  windward  side,  as  is  shown  by  the 
greater  height  of  the  cliffs  on  that  side,  than  to  leeward. 
Whether  the  margin  of  basalt  was  breached,  before  or 
after  the  eruption  of  the  lavas  of  the  upper  series,  is 
doubtful ;  but  as  separate  portions  of  the  basaltic  ring 
appear  to  have  been  tilted  before  that  event,  and  from 
other  reasons,  it  is  more  probable,  that  some  at  least  of 
the  breaches  were  first  formed.  Reconstructing  in 
imagination,  as  far  as  is  possible,  the  ring  of  basalt,  the 
internal  space  or  hollow,  which  has  since  been  filled  up 
with  the  matter  erupted  from  the  great  central  crater, 
appears  to  have  been  of  an  oval  figure,  eight  or  nine 
miles  in  length  by  about  four  miles  in  breadth,  and 
with  its  axis  directed  in  a  NE.  and  SW.  line,  coincident 
with  the  present  longest  axis  of  the  island. 

The  central  curved  ridge. — This  ridge  consists,  as 
before  remarked,  of  gray  feldspathic  lavas,  and  of  red, 
brecciated,  argillaceous  tufis,  like  the  beds  of  the  upper 
coloured  series.  The  gray  lavas  contain  numerous, 
minute,  black,  easily  fusible  specks ;  and  but  very  few 
large  crystals  of  feldspar.  They  are  generally  much 
softened ;  with  the  exception  of  this  character,  and  of 
being  in  many  parts  highly  cellular,  they  are  quite 
similar  to  those  great  sheets  of  lava  which  overhang 
the  coast  at  Prosperous  Bay.  Considerable  intervals 
of  time  appear  to  have  elapsed,  judging  from  the 
marks  of  denudation,   between  the  formation  of  the 
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successive  beds,  of  which  this  ridge  is  composed.  On 
the  steep  northern  slope,  I  observed  in  several  sections 
a  much  worn  undulating  surface  of  red  tuff,  covered 
by  gray,  decomposed,  feldspathic  lavas,  with  only  a 
thin  earthy  layer  interposed  between  them.  In  an 
adjoining  part,  I  noticed  a  trap-dike,  four  feet  wide, 
cut  off  and  covered  up  by  the  feldspathic  lava,  as  is 
represented   in  the  woodcut.     ITie  ridge  ends  on  the 
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1— Oray  feldspathic  ^ara. 

S — A  layer,  one  inch  in  thickness,  of  a  reddish  earthy  matter. 

}— Breosiated,  red,  argillaceous  tuff. 

eastern  side  in  a  hook,  which  is  not  represented  clearly 
enough  in  any  map  which  I  have  seen;  towards  the 
western  end,  it  gradually  slopes  down  and  divides  into 
several  subordinate  ridges.  The  best  defined  portion 
between  Diana's  Peak  and  Nest  Lodge,  which  supports 
the  highest  pinnacles  in  the  island  varying  from  2,000 
to  2,700  feet,  is  rather  less  than  three  miles  long  in  a 
straight  line.  Throughout  this  space  the  ridge  has 
a  uniform  appearance  and  structure ;  its  curvature 
resembles  that  of  the  coast-line  of  a  great  bay,  being 
made  up  of  many  smaller  curves,  all  open  to  the  south. 
The  northern  and  outer  side  is  supported  by  narrow 
ridges  or  buttresses,  which  slope  down  to  the  adjoining 
country.  The  inside  is  much  steeper,  and  is  almost  pre- 
cipitous ;  it  is  formed  of  the  basset  edges  of  the  strata, 
which  gently  decline  outwards.  Along  some  parts  of 
the  inner  side,  a  little  way  beneath  the  siimmit,  a  flat 
ledge  extends,  which  imitates  in  outline  the  smaller 
curvatures  of  the  crest.      Ledges  of  this  kind  occur 
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not  unfreqnentlj  within  Tolcanic  craters,  and  their 
formation  seems  to  be  dae  to  the  sinking  down  of  a 
level  sheet  of  hardened  lava,  the  edges  of  which  re- 
main (like  the  ice  round  a  pool,  from  which  the  water 
has  been  drained)  adhering  to  the  sides.^ 

In  some  parts,  the  ridge  is  surmounted  by  a  wall 
or  parapet,  perpendicular  on  both  sides.  Near  Diana's 
Peak  this  wall  is  extremely  narrow.  At  the  Galapagos 
Archipelago  I  observed  parapets,  having  a  quite  similar 
structure  and  appearance,  surmounting  several  of  the 
craters ;  one,  which  I  more  particularly  examined, 
was  composed  of  glossy,  red  scoriae  firmly  connected 
together ;  being  externally  perpendicular,  and  extend- 
ing round  nearly  the  whole  circumference  of  the  crater, 
it  rendered  it  almost  inaccessible.  The  Peak  of  Tene- 
riffe  and  Cotopaxi,  according  to  Humboldt,  are  similarly 
constructed ;  he  states  ^  that  '  at  their  summits  a  cir- 
cular wall  surrounds  the  crater,  which  wall,  at  a 
distance,  has  the  appearance  of  a  small  cylinder  placed 
on  a  truncated  cone.  On  Cotopaxi'  this  peculiar 
structure  is  visible  to  the  naked  eye  at  more  than 
2,000  toises'  distance  ;  and  no  person  has  ever  reached 
its  crater.  On  the  Peak  of  Teneriffe,  the  parapet  is  so 
high,  that  it  would  be  impossible  to  reach  the  caHd/era^ 
if  on  the  eastern  side  there  did  not  exist  a  breach.* 
The  origin  of  these  circular  parapets  is  probably  due 
to  the  heat  or  vapours  from  the  crater,  penetrating 
and  hardening  the  sides  to  a  nearly  equal  depth,  and 
afterwards  to  the  mountain  being  slowly  acted  on  by 
the  weather,   which  would   leave  the  hardened  part, 

'  A  most  remarkable  instance  of  this  structure  iB  describod  in 
KIHh's  '  Polynesian  Ilesearchcs'  (second  edit.),  where  an  admirable 
drawing  is  given  of  the  successive  ledges  or  terraces,  on  the  bozdert 
of  the  immense  crater  at  Hawaii,  in  the  Sandwich  Islands. 

»  *  Personal  Narrative,'  vol.  i.  p.  171. 

'  Humboldt*8  <Pictiires(iae  Atlas,'  folio,  pL  10. 
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projecting  in    the    form    of    a    cylinder    or   circular 
parapet. 

From  the  points  of  structure  in  the  central  ridge, 
now  enumerated, — namely,  from  the  convergence  to- 
wards it  of  the  beds  of  the  upper  series, — from  the 
lavas  there  becoming  highly  cellular, — from  the  flat 
ledge,  extending  along  its  inner  and  precipitous  side, 
like  that  within  some  still  active  craters, — from  the 
parapet-like  wall  on  its  summit, — and  lastly,  from  its 
peculiar  curvature,  unlike  that  of  any  common  line  of 
elevation,  I  cannot  doubt  that  this  curved  ridge 
forms  the  last  remnant  of  a  great  crater.  In  endeavour- 
ing, however,  to  trace  its  former  outline,  one  is  soon 
baffled  ;  its  western  extremity  gradually  slopes  down, 
and,  branching  into  other  ridges,  extends  to  the  sea- 
coast  ;  the  eastern  end  is  more  curved,  but  it  is  only 
a  little  better  defined.  Some  appearances  lend  me  to 
suppose  that  the  southern  wall  of  the  crater  joined  the 
present  ridge  near  Nest  Lodge ;  in  this  case  the  crater 
must  have  been  nearly  three  miles  long,  and  about  a 
mile  and  a  half  in  breadth.  Had  the  denudation  of 
the  ridge  and  the  decomposition  of  its  constituent 
rocks  proceeded  a  few  steps  farther,  and  had  this  ridge, 
like  several  other  parts  of  the  island,  been  broken  up 
by  great  dikes  and  masses  of  injected  matter,  we  should 
in  vain  have  endeavoured  to  discover  its  true  nature. 
Even  now  we  have  seen  that  at  Flagstaff  Hill  the 
lower  extremity  and  most  distant  portion  of  one  sheet 
of  the  erupted  matter  has  been  upheaved  to  Jis  great  a 
height  as  the  crater  down  wliich  it  flowed,  and  pro- 
bably even  to  a  greater  height.  It  is  interesting  thus 
to  trace  the  steps  by  which  the  structure  of  a  volcanio 
district  becomes  obscured,  and  finally  oblitc^rated :  so 
near  to  this  last  stage  is  St.  Helena,  that  I  believe  no 
one  has  hitherto  suspected  that  the  central  ridge  or 
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axis  of  the  island,  is  the  last  wreck  of  the  crater, 
whence  the  most  modem  volcanic  streams  were  poured 
forth. 

The  great  hollow  space  or  valley  southward  of  the 
central  curved  ridge,  across  which  the  half  of  the  crater 
must  once  have  extended,  is  formed  of  bare,  water- 
worn  hillocks  and  ridges  of  red,  yellow,  and  brown 
rocks,  mingled  together  in  chaos-like  confusion,  inter- 
laced by  dikes,  and  without  any  regular  stratification. 
The  chief  part  consists  of  red  decomposing  scoriffi. 
associated  with  various  kinds  of  tuff  and  yellow  argil- 
laceous beds,  full  of  broken  crystals,  those  of  augite 
being  particularly  large.  Here  and  there  masses  of 
highly  cellular  and  amygdaloidal  lavas  protrude.  Prom 
one  of  the  ridges  in  the  midst  of  the  valley,  a  conical 
precipitous  hill,  called  Lot,  boldly  stands  up,  and  forms 
a  most  singular  and  conspicuous  object.  It  is  com- 
posed of  phonolite,  divided  in  one  part  into  great 
curved  lamina),  in  another,  into  angular  concretionary 
balls,  and  in  a  third  part  into  outwardly  radiating 
columns.  At  its  base  the  strata  of  lava,  tuff,  and 
scorioB,  dip  away  on  all  sides :  ^  the  uncovered  portion 
is  197  *  feet  in  height,  and  its  horizontal  section  gives 
an  oval  figure.  The  phonolite  is  of  a  greenish-gray 
colour,  and  is  full  of  minute  aciculnr  crystals  of 
feldspar;  in  most  parts  it  has  a  conchoidal  fracture, 
and  is  sonorous,  yet  it  is  crenulated  with  minute  air- 
Ciivities.  In  a  SW.  direction  from  Lot,  there  are 
some  other  remarkable  columnar  pinnacles,  but  of  a 

'  Ahich,  in  his  'Views  of  Vcsovius*  (plate  vi.),  has  shown  the 
manner  in  which  beds,  under  nearly  similar  circumstances,  are  tilted 
up.  Tiie  upper  beds  are  more  turned  up  than  the  lower;  and  he 
accounts  for  this,  by  showing  that  the  lava  insinuates  itself  bori- 
sontally  between  the  lower  beds. 

'  This  height  is  given  by  Mr.  Seale,  in  his  Geognosy  of  tho  island. 
The  h<'ight  of  the  summit  above  the  level  of  the  sea,  is  said  to  b9 
i  444  fcot. 


CHAP.  IT.  Hills  of  Phonolite.  97 

less  regular  shape,  namely,  Lot's  Wife,  and  the  Asses 
Ears,  composed  of  allied  kinds  of  rock.  From  their 
flattened  shape,  and  their  relative  position  to  each 
other,  thej  are  evidently  connected  on  the  same  line  of 
fissure.  It  is,  moreover,  remarkable  that  this  same 
NE.  and  SW.  line,  joining  Lot  and  Lot's  Wife,  if 
prolonged,  would  intersect  Flagstaff  Hill,  which,  as 
before  stated,  is  crossed  by  numerous  dikes  running 
in  this  direction,  and  which  has  a  disturbed  structure, 
rendering  it  probable  that  a  great  body  of  once  flmd 
rock  lies  injected  beneath  it. 

In  this  same  great  valley  there  are  several  other 
conical  masses  of  injected  rock  (one,  I  observed,  was 
composed  of  compact  greenstone),  some  of  which  are 
not  connected,  as  far  as  is  apparent,  with  any  line  of 
dike;  whilst  others  are  obviously  thus  connected.  Of 
these  dikes,  three  or  four  great  lines  stretch  across  the 
valley  in  a  NE.  and  SW.  direction,  parallel  to  that 
one  connecting  the  Asses'  Ears,  Lot's  Wife,  and  pro- 
bably Lot.  The  number  of  these  masses  of  injected 
rock  is  a  remarkable  feature  in  the  geology  of  St. 
Helena.  Besides  those  just  mentioned,  and  the  hypo- 
thetical one  beneath  Flagstaff  Hill,  there  is  Little 
Stony-top  and  others,  as  I  have  reason  to  believe,  at 
the  Man-and-Horse,  and  at  High  Hill.  !Most  of  these 
masses,  if  not  all  of  them,  have  been  injected  subse- 
quently to  the  last  volcanic  eruptions  from  the  central 
crater.  The  formation  of  conical  bosses  of  rock  on 
lines  of  fissure,  the  walls  of  which  are  in  most  cases 
parallel,  may  probably  be  attributed  to  inequalities  in 
the  tension,  causing  small  transverse  fissures ;  and  at 
these  points  of  intersection  the  edges  of  the  strata 
would  naturally  yield,  and  be  easily  turned  upwards. 
Finally,  I  may  remark,  that  hills  of  phonolite  every* 
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whfiK  ar^  ape  *  to  a«£ame  singnlar  and  even  grotesque 
fthapes,  like  that  of  I»c :  the  peak  at  Fernando  Noronha 
ofTrrs  an  iniit^ince ;  at  St.  Jago,  however,  the  cones 
of  phonolite,  though  tapering,  have  a  regnlar  form. 
•S apposing,  as  seems  probable,  that  all  sach  hillocks 
or  obelisks  have  oriirinaliy  been  injected,  whilst 
liquefied,  into  a  mould  formed  by  yielding  strata,  as 
certainly  has  been  the  ai.se  with  Lot.  how  are  we  to 
account  for  the  frequent  abruptness  and  singularity  of 
their  outlines,  compared  with  similarly  injected  masses 
of  greenstone  and  basalt?  Can  it  be  due  to  a  less 
perfect  degree  of  fluidity,  which  is  generally  supposed 
to  be  characteristic  of  the  allied  trachvtic  lavas  ? 

m 

Superjicxal  d/tifOslU.  —  Soft  calcareous  sandstone 
occurs  in  extensive,  though  thin,  superficial  beds,  both 
on  the  northern  and  southern  shores  of  the  island. 
It  consists  of  very  minute,  equal-sized,  rounded  particles 
of  shells,  and  other  organic  bodies,  which  partially 
riitain  their  yellow,  brown,  and  pink  colours,  and  oo- 
ciisionally,  though  very  rarely,  present  an  obscure  trace 
of  their  original  external  forms.  I  in  vain  endeavoured 
to  find  a  single  unrolled  fragment  of  a  shell.  The 
colour  of  the  particles  is  the  most  obvious  character 
by  which  their  origin  can  be  recognised,  the  tinta 
being  affected  (and  an  odour  produced)  by  a  moderate 
heat,  in  the  same  manner  as  in  fresh  shells.  The  par- 
ticles are  cemented  toLa-ther,  and  are  mingled  with 
Home  earthy  matter :  the  purest  masses,  according  to 
IJejitson,  contain  70  per  cent,  of  carbonate  of  lime. 
The  buds,  varying  in  thickness  from  two  or  three  feet 
to  fifluon  feet,  coat  the  surface  of  the  ground ;  they 
generally  lie  on  that  side  of  the  valley  which  is  pro- 
tected from  the  wind,  and  they  occur  at  the  height 

*  D'Anbuiflson,  in  hig  *  Tmitfi  de  G6ognosie*  (torn.  ii.  p.  640J 
liarticulurly  rumarks  that  this  is  the  case. 
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of  several  hnndred  feet  above  the  level  of  the  sea. 
Their  position  is  the  same,  which  sand,  if  now  drifted 
by  the  trade-wind,  would  occupy ;  and  no  doubt  they 
thus  originated,  which  explains  the  equal  size  and 
minuteness  of  the  particles,  and  likewise  the  entire 
absence  of  whole  shells,  or  even  of  moderatelv-sized 
fragments.  It  is  remarkable  that  at  the  present  day 
there  are  no  shelly  beaches  on  any  part  of  the  coast, 
whence  calcareous  dust  could  be  drifted  and  winnowed ; 
we  must,  therefore,  look  back  to  a  former  period  when 
before  the  land  was  worn  into  the  present  great 
precipices,  a  shelving  coast,  like  that  of  Ascension, 
was  favourable  to  the  accumulation  of  shell v  detritus. 
Some  of  the  beds  of  this  limestone  are  between  600 
and  700  feet  above  the  sea;  but  part  of  this  height 
may  possibly  be  due  to  an  elevation  of  the  land,  sub- 
sequent to  the  accumulation  of  the  calcareous  sand. 

The  percolation  of  rain-water  has  consolidated  parts 
of  these  beds  into  a  solid  rock,  and  has  formed  masses 
of  dark  brewn,  stalagmitic  limestone.  At  the  Sugar- 
Loaf  quarry,  fragments  of  rock  on  the  adjoining  slopes,* 
have  been  thickly  coated  by  successive  fine  layers  of 
calcareous  matter.  It  is  singular,  that  many  of  these 
pebbles  have  their  entire  surfaces  coated^  without  any 
point  of  contact  having  been  left  uncovered ;  hence, 
these  pebbles  must  have  been  lifted  up  by  the  slow 
deposition  between  them  of  the  successive  films  of  car- 
bonate of  lime.  Masses  of  white,  finely  oolitic  rock  are 
attached  to  the  outside  of  some  of  these  coated  pebbles. 


'  In  the  earthy  detritus  on  several  parts  of  this  hill,  irre^lar 
masses  of  verj  impure,  crystallised  sulphate  of  lime  occur  As  this 
substance  is  now  being  abundantly  deposited  by  the  snrf  at  Ascen- 
sion, it  is  possible  that  these  masses  may  thus  have  originated ;  but 
if  so,  it  must  have  been  at  a  period  when  the  land  stood  at  a  much 
lower  level.  This  earthy  selenite  is  now  found  at  a  height  of 
between  600  and  700  feet. 

8  :  ■  '"'/:• 
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Von  Bnch  has  described  a  compact  limestone  at 
Lanzarote,  which  seems  perfectly  to  resemble  the  sta- 
lagmitic  deposition  just  mentioned  :  it  coats  pebbles, 
and  in  parts  is  finely  oolitic :  it  forms  a  far-extended 
layer,  from  one  inch  to  two  or  three  feet  in  thickness, 
an  1  it  occurs  at  the  height  of  800  feet  above  the  sea, 
but  only  on  that  side  of  the  island  exposed  to  the  violent 
north-western  winds.  Von  Buch  remarks/  that  it  is 
not  found  in  hollows,  but  only  on  the  unbroken  and 
inclined  surfaces  of  the  mountain.  He  believes,  that 
it  has  been  deposited  by  the  spray  which  is  borne  over 
the  whole  island  by  these  violent  winds.  It  appears, 
however,  to  me  much  more  probable  that  it  has  been 
formed,  as  at  St.  Helena,  by  the  percolation  of  water 
through  finely  comminuted  shells:  for  when  sand  is 
blown  on  a  much  exposed  coast,  it  always  tends  to  accu- 
mulate on  broad,  even  surfaces,  which  offer  a  uniform 
resistance  to  the  winds.  At  the  neighbouring  island, 
moreover,  of  Fuerteventura,*  there  is  an  earthy  lime- 
stone, which,  according  to  Von  Buch,  is  quite  similar 
to  specimens  which  he  has  seen  from  St.  Helena,  and 
which  he  believes  to  have  been  formed  by  the  drifting 
of  shelly  detritus. 

The  upper  beds  of  the  limestone,  at  the  above- 
mentioned  quarry  on  the  Sugar-Loaf  Hill,  are  softer, 
finer-grained  and  less  pure,  tban  the  lower  beds.  They 
abound  with  fragments  of  land-shells,  and  with  some 
perfect  ones ;  they  contain,  also,  the  bones  of  birds,  and 
the  large  eggs,"  apparently  of  water-fowl.  It  is  pro- 
bable that  these  upper  beds  remained  long  in  an  uncon- 

'  •  Description  des  Isles  Canaries/  p.  293. 

«  Idem,  pp.  314  and  374. 

■  Colonel  Wilkes,  in  a  catalogue  presented  with  some  specimens 
to  the  Geological  Society,  states  that  as  many  as  ten  ^%^  were  found 
by  one  person.  Dr.  Buckland  has  remarked  (*  Geolog.  Tians.*  yoL  t. 
p.  474)  oa  t^ese  eggs. 


GHAP.  IT.  Extinct  Land  Shells.  loi 

Bolidated  form,  daring  which  time,  these  terrestrial 
productions  were  embedded.  Mr.  6.  R.  Sowerby  has 
kindly  examined  three  species  of  land-shells,  which  I 
procured  from  this  bed,  and  his  descriptions  are  given 
in  the  Appendix.  One  of  them  is  a  Succinea,  identical 
with  a  species  now  Jiving  abundantly  on  the  island : 
the  two  others,  namely,  Codilogena  fossilis  and  Helix 
biplicataj  are  not  known  in  a  recent  state :  the  latter 
species  was  also  found  in  another  and  different  locality, 
associated  with  a  species  of  Cochlogena  which  is  un- 
doubtedly extinct. 

Beds  of  extinct  land-aheUs. — Land-shells,  all  of 
which  appear  to  be  species  now  extinct,  occur  embedded 
in  earth,  in  several  parts  of  the  island.  The  greater 
number  have  been  found  at  a  considerable  height  on 
Flagstaff  Hill.  On  the  NW.  side  of  this  hill,  a  rain- 
channel  exposes  a  section  of  about  twenty  feet  in  thick- 
ness, of  which  the  upper  part  consists  of  black  vegetable 
mould,  evidently  washed  down  from  the  heights  above, 
and  the  lower  part  of  less  black  earth,  abounding  with 
young  and  old  shells,  and  with  their  fragments :  part 
of  this  earth  is  slightly  consolidated  by  calcareous 
matter,  apparently  due  to  the  partial  decomposition  of 
some  of  the  shells.  Mr.  Scale,  an  intelligent  resident, 
who  first  called  attention  to  these  shells,  gave  me  a 
large  collection  from  another  locality,  where  the  shells 
appear  to  have  been  embedded  in  very  black  earth. 
Mr.  6.  R.  Sowerby  has  examined  these  shells,  and  has 
described  them  in  the  Appendix.  There  are  seven 
species,  namely,  one  Cochlogena,  two  species  of  the 
genus  Cochlicopa,  and  four  of  Helix  :  none  of  these  are 
known  in  a  recent  state,  or  have  been  found  in  any 
other  country.  The  smaller  species  were  picked  out  of 
the  inside  of  the  large  shells  of  the  Cochhgena  auris^ 
vulpina.      This  last-mentioned    species    is    in    many 
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respects  a  very  singular  one ;  it  was  classed^  even  by 
Lamarck,  in  a  marine  genus,  and  having  thus  been 
mistaken  for  a  sea-shell,  and  the  stdaller  accompanying 
species  having  been  overlooked,  the  exact  localities 
where  it  was  found  have  been  measured,  and  the  eleva- 
tion of  this  island  thus  deducedL^^  is  very  remarkable 
that  all  the  shells  of  this  species  found  by  me  in  one 
spot,  form  a  distinct  variety,  as  described  by  Mr. 
Sowerby,  from  those  procured  from  another  locality  by 
Mr.  Scale.  As  this  Cochlogena  is  a  large  and  con- 
spicuous shell,  I  particularly  enquired  firom  several 
intelligent  countrymen  whether  they  had  ever  seen  it 
alive  ;  they  all  assured  me  that  they  had  not,  and  they 
would  not  even  believe  that  it  was  a  land  animal :  Mr. 
Scale,  moreover,  who  was  a  collector  of  shells  all  his 
life  at  St.  Helena,  never  met  with  it  alive.  Possibly 
some  of  the  smaller  species  may  turn  out  to  be  yet 
living  kinds ;  but,  on  the  other  hand,  the  two  land-shells 
which  are  now  living  on  the  island  in  great  numbers, 
do  not  occur  embedded,  as  far  as  it  is  yet  known,  with 
the  extinct  species.  I  have  shown  in  my  Journal,*  that 
the  extinction  of  these  land-shells  possibly  may  not  be 
an  ancient  event ;  as  a  great  change  took  place  in  the 
state  of  the  island  about  120  years  ago,  when  the  old 
trees  died,  and  were  not  replaced  by  young  ones,  these 
being  destroyed  by  the  goats  and  hogs,  which  had  run 
wild  in  numbers,  from  the  year  1502.  Mr.  Scale  states, 
that  on  Flagstaff  Hill,  where  we  have  seen  that  the 
embedded  land-shells  are  especially  numerous,  traces 
are  everywhere  discoverable,  which  plainly  indicate 
that  it  was  once  thickly  clothed  with  trees ;  at  present 
not  even  a  bush  grows  there.  The  thick  bed  of  black 
vegetable  mould  which   covers  the  shell-bed,  on  the 

*  *  Journal  of  Besearcbes,'  1845,  p.  489. 
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flanks  of  this  hill,  was  probably  washed  down  from  the 
upper  part,  as  soon  as  the  trees  perished,  and  the  shelter 
afforded  by  them  was  lost. 

Elevation  of  ike  land, — Seeing  that  the  lavas  of 
the  basal  series,  which  are  of  submarine  origin,  are 
raised  above  the  level  of  the  sea,  and  at  some  places  to 
the  height  of  many  hundred  feet,  I  looked  out  for 
superficial  signs  of  the  elevation  of  the  land.  The 
bottoms  of  some  of  the  gorges,  which  descend  to  the 
coast,  are  filled  up  to  the  depth  of  about  a  hundred 
feet,  by  rudely  divided  layers  of  sand,  muddy  clay,  and 
fragmentary  masses ;  in  these  beds,  Mr.  Seale  has  found 
the  bones  of  the  tropic-bird  and  of  the  albatross ;  the 
former  now  rarely,  and  the  latter  never  visiting  the 
island.  From  the  difierence  between  these  layers,  and 
the  sloping  piles  of  detritus  which  rest  on  them,  I 
suspect  that  they  were  deposited,  when  the  gorges  stood 
beneath  the  sea.  Mr.  Seale,  moreover,  has  shown  that 
some  of  the  fissure-like  gorges,*  become,  with  a  concave 
outline,  gradually  rather  wider  at  the  bottom  than  at 
the  top;  and  this  peculiar  structure  was  probably 
caused  by  the  wearing  action  of  the  sea,  when  it  ent>ered 
the  lower  part  of  these  gorges.  At  greater  heights, 
the  evidence  of  the  rise  of  the  land  is  even  less  clear : 
nevertheless,  in  a  bay-like  depression  on  the  table-land 
behind  Prosperous  Bay,  at  the  height  of  about  1,000 
feet,  there  are  flat-topped  masses  of  rock,  which  it  is 
scarcely  conceivable,  could  have  been  insulated  from 
the  surrounding  and  similar  strata,  by  any  other  agency 
than  the  denuding  action  of  a  sea-l>each.  Much  denu- 
dation, indeed,  has  been  effected  at  great  elevations, 
which  it  would  not  be  easy  to  explain  by  any  other 
means:   thus,  the  flat  summit  of  the  Barn,  which  is 

'  A  fissure-like  gorge,  near  Stony- top,  is  said  b.v  Mr.  Seale  to  be 
840  feet  deep,  and  only  116  feet  in  width. 
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2,000  feet  high,  presents,  according  to  Mr.  Seale,  a 
perfect  network  of  truncated  dikes;  on  hills  like  the 
Flagstaff,  formed  of  sofl  rock,  we  might  suppose  that 
the  dikes  had  been  worn  down  and  cut  off  by  meteoric 
agency,  but  we  can  hardly  suppose  this  possible  with 
the  hard,  basaltic  strata  of  the  Barn. 

Go(i»i  denudation. — ^The  enormous  clifis,  in  many 
parts  between  1,000  and  2,000  feet  in  height,  with 
which  this  prison-like  island  is  surrounded,  with  the 
exception  of  only  a  few  places,  where'  narrow  valleys 
descend  to  the  coast,  is  the  most  striking  feature  in  its 
scenery.  We  have  seen  that  portions  of  the  basaltic 
ring,  two  or  three  miles  in  length  by  one  or  two  miles 
in  breadth,  and  from  one  to  two  thousand  feet  in  height, 
have  been  wholly  removed.  TheP3  are,  also,  ledges  and 
banks  of  rock,  rising  out  of  profoundly  deep  water,  and 
distant  from  the  present  coast  I  etween  three  and  four 
miles,  which,  according  to  Mr.  Seale,  can  be  traced  to 
the  shore,  and  are  found  to  be  the  continuations  of 
certain  well-known  great  dikes.  The  swell  of  the 
Atlantic  Ocean  has  obviously  been  the  active  power  in 
forming  these  cliffs;  and  it  is  interesting  to  observe 
that  the  lesser,  though  still  great,  height  of  the  clifia 
on  the  leeward  and  partially  protected  side  of  the 
island,  (extending  from  the  Sugar-Loaf  Hill  to  South 
West  Point,)  corresponds  with  the  lesser  degree  of 
exposure.  When  reflecting  on  the  comparatively  low 
coasts  of  many  volcanic  islands,  which  also  stand  ex- 
posed in  the  open  ocean,  and  are  apparently  of  consider- 
able antiquity,  the  mind  recoils  from  an  attempt  to 
grasp  the  number  of  centuries  of  exposure,  necessary  to 
have  ground  into  mud  and  to  have  dispersed  the  enor- 
mous cubic  mass  of  hard  rock  which  has  been  pared  off 
the  circumference  of  this  island.  The  contrast  in  the 
superficial  state  of   St.   Helena,   compared   with   the 
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Dearest  island,  namely,  Ascension,  is  very  striking.  At 
Ascension,  the  surfaces  of  the  lava-streams  are  glossy,  as 
if  jnst  poured  forth,  their  boundaries  are  well  defined, 
wid  they  can  often  be  traced  to  perfect  craters,  whence 
they  were  erupted ;  in  the  course  of  many  long  walks, 
I  did  not  observe  a  single  dike;  and  the  coast  round 
nearly  the  entire  circumference  is  low,  and  has  been 
eaten  back  (though  too  much  stress  must  not  be  placed 
on  this  fact,  as  the  island  may  have  been  subsiding) 
into  a  little  wall  only  from  ten  to  thirty  feet  high.  Yet 
during  the  340  years,  since  Ascension  has  been  known, 
not  even  the  feeblest  signs  of  volcanic  action  have  been 
recorded.*  On  the  other  hand,  at  St.  Helena,  the  course 
of  no  one  stream  of  lava  can  be  traced,  either  by  the 
state  of  its  boundaries  or  of  its  superficies ;  the  mere 
wreck  of  one  great  crater  is  left ;  not  the  valleys  only, 
but  the  surface  of  some  of  the  highest  hills,  are  inter- 
laced by  wom-down  dikes,  and,  in  many  places,  the 
denuded  summits  of  great  cones  of  injected  rock  stand 
exposed  and  naked ;  lastly,  as  we  have  seen,  the  entire 
circuit  of  the  island  has  been  deeply  worn  back  into  the 
grandest  precipices. 

Craters  of  Elevation. 

There  is  much  resemblance  in  structure  and  in 
geological  history  between  St.  Helena,  St.  Jago,  and 
Mauritius.     All  three  islands  are  bounded  (at  least  in 

«  In  the  •  Nautical  Magazine*  for  1835,  p.  642,  and  for  1838,  p. 
361,  and  in  the  '  Comptes  Bendus,'  April,  1838,  accounts  are  given  of 
a  series  of  volcanic  phenomena — earthquakes — troubled  water — 
floating  scoriae  and  columns  of  smoke — which  have  been  observed  at 
intervals  since  the  middle  of  the  last  century,  in  a  space  of  open  sea 
between  longitudes  20°  and  22°  west,  about  half  a  degree  south  of 
the  equator.  These  facts  seem  to  show,  that  an  island  or  an  archi- 
pelago is  in  process  of  formation  in  the  middle  of  the  Atlantic :  a 
Une  joining  St.  Helena  and  Ascension,  prolonged,  intersects  this 
ilowly  nascent  focus  of  volcanic  action. 
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the  parts  which  I  was  able  to  examine)  by  a  ring  of 
basaltic  mountains,  now  much  broken,  but  evidently 
once  continuous.  These  mountains  have,  or  apparently 
once  had,  their  escarperaents  steep  towards  the  interior 
of  the  island,  and  their  strata  dip  outwards.  I  was 
able  to  ascertain,  only  in  a  few  cases,  the  inclination  of 
the  beds ;  nor  was  this  easy,  for  the  stratification  was 
generally  obscure,  except  when  viewed  from  a  distance. 
I  feel,  however,  little  doubt  that,  according  to  the  re- 
searches of  M.  Elie  de  Beaumont,  their  average  in- 
clination is  greater  than  that  which  they  could  have 
acquired,  considering  their  thickness  and  compactness, 
by  flowing  down  a  sloping  surface.  At  St.  Helena, 
and  at  St.  Jago,  the  basaltic  strata  rest  on  older  and 
probably  submarine  beds  of  different  composition.  -At 
all  three  islands,  deluges  of  more  recent  lavas  have 
flowed  from  the  centre  of  the  island,  towards  and  be- 
tween the  basaltic  mountains ;  and  at  St.  Helena  the 
central  platform  has  been  filled  up  by  them.  All 
three  islands  have  been  raised  in  mass.  At  Mauritius 
the  sea,  within  a  late  geological  period,  must  have 
reached  to  the  foot  of  the  basaltic  mountains,  as  it  now 
does  at  St.  Helena  ;  and  at  St.  Jago  it  is  cutting  back 
the  intermediate  plain  towards  them.  In  these  three 
islands,  but  especially  at  St.  Jago  and  at  Mauritius, 
when,  standing  on  the  summit  of  one  of  the  old  basaltic 
mountains,  one  looks  in  vain  towards  the  centre  of  the 
island, — the  point  towards  which  the  strata  beneath 
one's  feet,  and  of  the  mountains  on  each  side,  rudely 
converge, — for  a  source  whence  these  strata  could  have 
been  erupted  ;  but  one  sees  only  a  vast  hollow  platform 
stretched  beneath,  or  piles  of  matter  of  more  reoent 
origin. 

These   basaltic   mountains  come,  I   presume,  into 
tbe  class  of  Craters   of  elevation:    it  is   immaterial 
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whether  the  rings  were  ever  completely  formed,  for  the 
portions  which  now  exist  have  so  uniform  a  structure, 
that,  if  they  do  not  form  fragments  of  true  craters, 
they  cannot  be  classed  with  ordinary  lines  of  elevation. 
With  respect  to  their  origin,  after  having  read  the 
works  of  Mr.  Lyell,*  and  of  MM.  0.  Prevost  and  Virlet, 
I  cannot  believe  that  the  great  central  hollows  have 
been  formed  by  a  simple  dome-shaped  elevation,  and 
the  consequent  arching  of  the  strata.  On  the  other 
hand,  I  have  very  great  difficulty  in  admitting  that 
these  basaltic  mountains  are  merely  the  basal  fragments 
of  great  volcanos,  of  which  the  summita  have  either 
been  blown  off,  or  more  probably  swallowed  up  by 
subsidence.  These  rings  are,  in  some  instances,  so 
immense,  as  at  St.  Jago  and  at  Mauritius,  and  their 
occurrence  is  so  frequent,  that  I  can  hardly  persuade 
myself  to  adopt  this  explanation.  Moreover,  I  suspect 
that  the  following  circumstances,  from  their  frequent 
concurrence,  are  someway  connected  together, — a  con- 
nection not  implied  in  either  of  the  above  views: 
namely,  first,  the  broken  state  of  the  ring,  showing 
that  the  now  detached  portions  have  been  exposed  to 
great  denudation,  and  in  some  cases,  perhaps,  rendering 
it  probable  that  the  ring  never  was  entire;  secondly, 
the  great  amount  of  matter  erupted  from  the  central 
area  afler  or  during  the  formation  of  the  ring;  and 
thirdly,  the  elevation  of  the  district  in  mass.  As  far 
as  relates  to  the  inclination  of  the  strata  being  greater 
than  that  which  the  basal  fragments  of  ordinary  vol- 
canos would  naturally  possess,  I  can  readily  believe 
that  this  inclination  might  have  been  slowly  acquired 
by  that  amount  of  elevation,  of  which,  according  to 
M.  Elie  de  Beaumont,  the  numerous  upfilled  fissures  ox 

>  '  Principles  of  Geology'  (fifth  edit),  vol.  IL  p.  171. 
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dikes  are  the  evidence  and  the  measure, — a  viei? 
equally  novel  and  important,  which  we  owe  to  the  re- 
searches of  that  geologist  on  Mount  Etna. 

A  conjecture,  including  the  above  circumstances, 
occurred  to  me,  when, — with  my  mind  fully  convinced, 
from  the  phenomena  of  1835  in  South  America,^  that 
the  forces  which  eject  matter  from  volcanic  orifices  and 
raise  continents  in  mass  are  identical, — I  viewed  that 
part  of  the  coast  of  St.  J  ago,  where  the  horizontally 
upraised,  calcareous  stratum  dips  into  the  sea,  directly 
beneath  a  cone  of  subsequently  erupted  lava.  The 
conjecture  is  that,  during  the  slow  elevation  of  a  vol- 
canic district  or  island,  in  the  centre  of  which  one  or 
more  orifices  continue  open,  and  thus  relieve  the  sub- 
terranean forces,  the  borders  are  elevated  more  than 
the  central  area ;  and  that  the  portions  thus  upraised 
do  not  slope  gently  into  the  central,  less  elevated  area, 
as  does  the  calcareous  stratum  under  the  cone  at  St. 
J  ago,  and  as  does  a  large  part  of  the  circumference  of 
Iceland,'*  but  that  they  are  separated  from  it  by  curved 

*  I  have  giyen  a  detailed  account  of  these  phenomena,  in  a  paper 
read  before  the  Geological  Society  in  March,  1 838.  At  the  instant 
of  time,  when  an  immense  area  was  convulsed  and  a  large  tract 
elevated,  the  districts  immediately  surrounding  several  of  tne  great 
vents  in  the  Cordillera  remained  quiescent;  the  subterranean  forces 
being  apparently  relieved  by  the  eruptions,  which  then  recommenced 
with  great  violence.  An  event  of  somewhat  the  same  kind,  but  on 
an  infinitely  smaller  scale,  appears  to  have  taken  place,  according 
to  Abich  ('  Views  of  Ve&uvius,*  plates  i.  and  ix.),  within  the  great 
crater  of  Vesuvius,  where  a  platform  on  one  side  of  a  tissure  was 
raised  in  mass  twenty  feet,  whilst  on  the  other  side,  a  train  of  small 
volcanos  burst  forth  in  eruption. 

'  It  appears,  from  information  communicated  to  me  in  the  most 
obliging  manner  by  M.  E.  Robert,  that  the  circumferential  parts  of 
Iceland,  which  are  composed  of  ancient  basaltic  s  rata  alternating 
with  tuff,  dip  inland,  thus  forming  a  gigantic  saucer.  M.  Robert 
found  that  this  was  the  case,  with  a  few  and  quite  local  exceptions, 
for  a  space  of  coast  several  hundred  miles  in  length.  I  fiod  this 
Btiitement  corrolx) rated,  as  far  as  regards  one  place,  by  Mackenzie, 
in  his  *  Travels '  (p.  377),  and  in  another  place  by  some  MS.  notes 
kindly  lent  mo  by  Dr.  Holland.  The  coast  is  deeply  indented  by 
creeks,  at  the  head  of  which  the  land  is  generally  luw.     M.  Robert 
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faults.  We  might  expect,  firom  what  we  see  aloDg 
ordinary  faults,  that  the  strata  on  the  upraised  side, 
already  dipping  outwards  firom  their  oiiginal  formation 
as  lava-streams,  woold  be  tilted  fix>m  the  line  of  fault, 
and  thus  have  their  inclination  increased.  According 
to  this  hypothesis,  which  I  am  tempted  to  extend  only 
to  some  few  cases,  it  is  not  probable  that  the  ring 
would  ever  be  formed  quite  perfect;  and  from  the 
elevation  being  slow,  the  upraised  portions  would 
generally  be  exposed  to  much  denudation,  and  hence 
the  ring  become  broken  ;  we  might  also  expect  to  find 
occasional  inequalities  in  the  dip  of  the  upraised 
masses,  as  is  the  case  at  St.  Jago.  By  this  hypothesis 
the  elevation  of  the  districts  in  mass,  and  the  flowiug 
of  deluges  of  lava  from  the  central  platforms,  are  like- 
wise connected  together.  On  this  view  the  marginal 
basaltic  mountains  of  the  three  foregoing  islands  might 
still  be  considered  as  forming  '  Craters  of  elevation ;  * 
the  kind  of  elevation  implied  having  been  slow,  and 
the  central  hollow  or  platform  having  been  formed,  not 
by  the  arching  of  the  surface,  but  simply  by  that  part 
having  been  upraised  to  a  less  height. 

informs  me,  that  the  inwardly  dipping  strata  appear  to  extend  as 
far  as  this  line,  and  that  their  inclination  usually  corresponds  with 
the  slope  of  the  surface,  from  the  higfh  coast- mountains  to  the  low 
land  at  the  head  of  these  creeks.  *  In  the  section  described  by  Sir 
G.  Mackenzie,  the  dip  is  12^.  The  interior  parts  of  the  island  chiefly 
consist^  as  far  as  is  known,  of  recently  erupted  matter.  The  great 
size,  however,  of  Iceland,  equalling  the  bulkiest  part  of  England, 
ought  perhaps  to  exclude  it  from  the  class  of  islands  we  have  been 
considering;  but  I  cannot  avoid  suspecting  that  if  the  coast-moun- 
tains, instead  of  gently  sloping  into  the  less  elevated  central  area, 
had  been  sepaiateid  from  it  by  irregularly  curved  fault-^,  the  strata 
would  have  been  tilted  seaward,  and  a  *  Crater  of  elevation,'  like 
that  of  St.  Jago  or  that  of  Mauritius,  but  of  much  vaster  dimensions, 
would  have  been  formed.  I  will  only  further  remark,  that  the 
frequent  occurrenoe  of  extensive  lakes  at  the  foot  of  large  volcanos, 
and  the  frequent  association  of  volcanic  and  fresh-water  strata, 
seem  to  indicate  that  the  areas  around  volcanos  are  apt  to  be 
depressed  beneath  the  general  level  of  the  adjoining  country,  eithei 
from  having  been  less  elevated,  or  from  the  effects  of  subsidence. 
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CHAPTER  V. 

GALAPAGOS  ABCE7PELAGO. 

Chatham  Ttland—  Cratm  ampmmd  tf  a  peemiiar  Hmd  tf  tuf-^Smatt 
hoMtUie  cratertfjtitk  h^llmn  at  their  iam» — Albewiafle  Itiarndfjiwid 
laroi,  their  e^mjwtitiam — Cratert  tf  tuff^  imcHmatum  tf  tktir  «v- 
tericr  dwerging  ttraiaj  amd  Mtr%etmre  ^  their  interiar  comrerginf 
atrata — Jamet  lalamd,  tegmentqfa  tmaU  htualtic  crater  ;  Jlmidity 
and  eompceit'wn  tff  its  lara  itreawUy  amd  cf  its  ejected  /ragwtemts — 
Cmcluding  rewuirks  on  the  erater$  &f  tu^,  and  am  the  hreaehed  eon- 
diticn  of  their  90Ht\em  sides— Jfineralogieal  eompontian  qf  the 
rocks  of  the  archipelago — Eletation  of  the  land — Direetiam  of  the 
fissures  of  eruption. 

This  archipelago  is  situated  nnd.T  the  Equator,  at  a 
distance  of  between  five  and  six  hundred  miles  from 
the  west  coast  of  South  America.  It  consists  of  five 
principal  islands,  and  of  several  small  ones,  which 
together  are  equal  in  area,^  but  not  in  extent  of  land, 
to  Sicily,  conjointly  with  the  Ionian  Islands.  They  are 
all  volcanic :  on  two,  craters  have  been  seen  in  erup- 
tion, and  on  several  of  the  othi?r  islands,  streams  of 
lava  have  a  recent  appearance.  The  larger  islands  are 
chiefly  composed  of  solid  rock,  and  they  rise  with  a 
tame  outluie  to  a  height  of  between  one  and  four 
thousand  feet.  They  are  sometimes,  bat  not  generally, 
surmounted  by  one  principal  orifice.     The  craters  vary 

*  I  exclude  from  this  meamirement,  the  small  volcanic  islands 
of  Culpepp(;r  and  Wenman,  lying  seventy  miles  norihward  of  the 
group.  Craters  were  visible  on  all  the  islands  of  the  group,  except 
on  Towers  Island,  which  is  one  of  the  lowest ;  this  island  is,  howevera 
Curmed  of  volcanic  rocks. 
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in  size  from  mere  spiracles  to  huge  caldrons  several 
miles  in  circomference ;  they  are  extraordinarily 
nnmerous,  so  that  I  should  think,  if  enumerated,  they 
would  be  found  to  exceed  two  thousand ;  they  are 
formed  either  of  scoriae  and  lava,  or  of  a  brown  coloured 
tuff;    and  these  latter  craters  are  in  several  respects 
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remarkable.  The  whole  group  was  surveyed  by  the 
officers  of  the  Beagle.  I  visited  myself  four  of  the 
principal  islands,  and  received  specimens  from  all  the 
others.  Under  the  head  of  the  different  islands  I  will 
describe  only  that  which  appears  to  me  deserving  of 
attention. 

Chatham  Island.      Craters  composed  of  a  singular 
land  of  tuff. — Towards  the  eastern  end  of  this  island 
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there  occur  two  craters  composed  of  two  kinds  of  tnff ; 
one  kind  being  friable,  like  slightly  consolidated  ashes ; 
and  the  other  compact,  and  of  a  different  nature  from 
anything  which  I  have  met  with  described.  This 
latter  substance,  where  it  is  best  characterised,  is  of  a 
yellowish-brown  colour,  translucent,  and  with  a  lustre 
somewhat  resembling  resin ;  it  is  brittle,  with  an 
angular,  rough,  and  very  irregular  fracture,  sometimes, 
however,  being  slightly  granular,  and  even  obscurely 
crystalline:  it  can  readily  be  scratched  with  a  knife, 
yet  some  points  are  hard  enough  just  to  mark  common 
glass ;  it  fuses  with  ease  into  a  blackish-green  glass. 
The  mass  contains  numerous  broken  crystals  of  olivine 
and  augite,  and  small  particles  of  black  and  brown 
scoriae :  it  is  often  traversed  by  thin  seams  of  calcareous 
matter.  It  generally  affects  a  nodular  or  concretionary 
structure.  In  a  hand  specimen  this  substance  would 
certainly  be  mistaken  for  a  pale  and  peculiar  variety  of 
pitchstone;  but  when  seen  in  mass  its  stratification, 
and  the  numerous  layers  of  fragments  of  basalt,  both 
angular  and  rounded,  at  once  render  its  subaqueous 
origin  evident.  An  examination  of  a  series  of  speci- 
mens shows  that  this  resin-like  substance  results  from  a 
chemical  change  on  small  particles  of  pale  and  dark- 
coloured  scoriaceous  rocks;  and  this  change  could  be 
distinctly  traced  in  different  stages  round  the  edges  of 
even  the  same  particle.  The  position  near  the  coast 
of  all  the  craters  composed  of  this  kind  of  tuff  or 
peperino,  and  their  breached  condition,  renders  it 
probable  that  they  were  all  formed  when  standing  im- 
mersed in  the  sea;  considering  this  circumstance, 
together  with  the  remarkable  absence  of  large  beds  of 
ashes  in  the  whole  archipelago,  I  think  it  highly 
probable  that  much  the  greater  part  of  the  tuff  has 
originated  from  the  trituration   of  fragments  of  the 
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gray,  basaltic  lavas  in  the  mouths  of  craters  standing  in 
the  sea.  It  may  be  asked  whether  the  heated  water 
within  these  craters  has  produced  this  singular  change 
in  the  small  scoriaceous  particles,  and  given  to  them 
their  translucent,  resin-like  fracture?  Or  has  the 
associated  lime  played  any  part  in  this  change  ?  I  ask 
these  questions  from  having  found  at  St.  Jago,  in  the 
Cape  de  Verde  Islands,  that  where  a  great  stream  of 
molten  lava  has  flowed  over  a  calcareous  bottom  into 
the  sea,  the  outermost  film,  which  in  other  parts  re- 
sembles pitchstone,  is  changed,  apparently  by  its 
contact  with  the  carbonate  of  lime,  into  a  resin-like 
substance,  precisely  like  the  best  characterised  speci- 
mens of  the  tuflf  from  this  archipelago.* 

To  return  to  the  two  craters :  one  of  them  stands  at 
the  distance  of  a  league  from  the  coast,  the  intervening 
tract  consisting  of  a  calcareous  tufiF,  apparently  of  sub- 
marine origin.  This  crater  consists  of  a  circle  of  hills, 
some  of  which  stand  quite  detached,  but  all  have  a  very 
regular,  qu&-qu&  versal  dip,  at  an  inclination  of  between 
thirty  and  forty  degrees.  The  lower  beds,  to  the  thick- 
ness of  several  hundred  feet,  consist  of  the  resin-like 
stone,  with  embedded  fragments  of  lava.  The  upper 
beds,  which  are  between  thirty  and  forty  feet  in  thick- 
ness, are  composed  of  a  thinly  stratified,  fine-grained, 
harsh,  friable,  brown-coloured  tuff,  or  peperino.*  A 
central   mass  without  any   stratification,  which   must 


*  The  concretions  containing  lime,  which  I  have  described  at 
Ascension,  as  formed  in  a  bed  of  ashes,  present  some  degree  of  re- 
semblance to  this  substance,  bat  they  have  not  a  resinous  fracture. 
At  St.  Helena,  also,  1  found  veins  of  a  somewhat  similar,  compact,  but 
non-resinous  substance,  occurring  in  a  bed  of  pumlceous  ashes,  appa- 
rently free  from  calcareous  matter :  in  neither  of  these  cases  could 
heat  have  acted. 

•  Those  geologists  who  restrict  the  terra  of  *tuff  to  ashes  of  a 
white  colour,  resulting  from  the  attrition  of  feld^pathic  lavas,  would 
call  these  br^wn-coloured  stixita  '  peperiuo.' 
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f'jrm'n\\  hav«  occnpied  ihe  boiJow  of  the  cntet.  bot  is 
w>^  a*t!iched  osiy  to  a  few  of  the  cirrtunfcreDtial  hills, 
VtwixfM  of  a  tuif.  tut^rmediate  in  character  betweea 
that  with  a  rcsin-iike,  and  that  with  an  earthy  fracture. 
Thin  XDans  contains  white  calcareons  matter  in  small 
pab^es.  The  second  crater  (520  feet  in  height)  must 
have  existed  until  the  eruption  of  a  recent,  great  atream 
of  lava,  as  a  separate  islet ;  a  fine  section,  worn  by  the 
sea,  shows  a  grand  fannel-shaped  mass  of  basalt,  sar- 
roundtfd  by  steep.  Eloping  flanks  of  tnff,  having  in  parts 
an  earthy,  and  in  others,  a  semi-resinoas  fractnie.  The 
tuff  is  traversed  by  several  broad,  vertical  dikes,  with 
Mmrxith  and  parallel  sides,  which  I  did  not  doabt  were 
forniL-d  of  basalt,  until  I  actually  broke  off  fragments. 
These  dikcH,  however,  consist  of  tuff  like  that  of  the 
surrounding  strata,  but  more  compact,  and  with  a 
smoother  fracture;  hence  we  must  conclude,  that 
No.  12. 


fixKuros  were  formi^d  and  filled  up  with  the  finer  mud 
or  tuff  from  the  crater,  before  its  interior  was  occupied, 
lu)  it  now  is,  by  a  solidified  pool  of  basalt.  Other 
fiHsnrcs  have  been  subsequently  formed,  parallel  to 
tliOHO  eingiilfir  dikes,  and  are  merely  filled  with  loose 
rubbish.  The  change  from  ordinary  scoriaceoas  parti- 
oloa   to   the  suWaiico  with   a   semi-resinous  fracttire, 
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could  be  clearly  followed  in  portions  of  the  compact 
tuff  of  these  dikes. 

At  the  distance  of  a  few  miles  from  these  two 
craters,  stands  the  Kicker  Rock,  or  islet,  remarkable 
from  its  singular  form.  It  is  unstratified,  and  is  com- 
posed of  compact  tuff,  in  parts  having  the  resin-like 
fracture.  It  is  probable  that  this  amorphous  mass, 
like  that  similar  mass  in  the  case  first  described,  once 
filled  up  the  central  hollow  of  a  crater,  and  that  its 
flanks,  or  sloping  walls,  have  since  been  worn  quite 
away  by  the  sea,  in  which  it  stands  exposed. 

SmaU  basaUie  craters. — A  bare,  undulating  tract, 
at  the  eastern  end  of  Chatham  Island,  is  remarkable 
from  the  number,  proximity,  and  form  of  the  small 
basaltic  craters  with  which  it  is  studded.  They  consist, 
either  of  a  mere  conical  pile,  or,  but  less  commonly,  of 
a  circle,  of  black  and  red,  glossy  scoriae,  partially  ce-  * 
mented  together.  They  vary  in  diameter  from  30  to 
150  yards,  and  rise  from  about  50  to  100  feet  above 
the  level  of  the  surrounding  plain.  From  one  small 
eminence,  I  counted  sixty  of  these  craters,  all  of  which 
were  within  a  third  of  a  mile  from  each  other,  and 
many  were  much  closer.  I  measured  the  distance 
between  two  very  small  craters,  and  found  that  it  was 
only  thirty  yards  from  the  summit-rim  of  one  to  the 
rim  of  the  other.  Small  streams  of  black,  basaltic  lava, 
containing  olivine  and  much  glassy  feldspar,  have  flowed 
from  many,  but  not  from  all  of  these  craters.  The 
surfaces  of  the  more  recent  streams  were  exceedingly 
rugged,  and  were  crossed  by  great  fissures ;  the  older 
streams  were  only  a  little  less  rugged ;  and  they  were 
all  blended  and  mingled  together  in  complete  confusion. 
The  different  growth,  however,  of  the  trees  on  the 
streams,  often  plainly  marked  their  different  ages. 
Had  it  not  been  for  this  latter  character,  the  streams 
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could  in  few  cases  have  been  distingxiished ;  and,  con- 
sequently, this  wide  undiilatory  tract  might  have,  (as 
probably  many  tracts  have,)  been  erroneonsly  considered 
as  formed  of  one  great  deluge  of  lava,  instead  of  by  a 
multitude  of  small  streams,  erupted  firom  many  small 
orifices. 

In  several  parts  of  this  tract,  and  especially  at  the 
base  of  the  small  craters,  there  are  circular  pits,  with 
perpendicular  sides,  from  twenty  to  forty  feet  deep.  At 
the  foot  of  one  small  crater,  there  were  three  of  these 
pits.  They  have  probably  been  formed,  by  the  falling 
in  of  the  roofs  of  small  caverns.*  In  other  parts,  there 
are  mammiform  hillocks,  which  resemble  great  bubbles 
of  lava,  with  their  summits  fissured  by  irregular  cracks, 
which  appeared,  upon  entering  them,  to  be  very  deep ; 
lava  has  not  flowed  from  these  hillocks.  There  are, 
also,  other  very  regular,  mammiform  hillocks,  composed 
of  stratified  lava,  and  surmounted  by  circular,  steep- 
sided  hollows,  which,  I  suppose  have  been  formed  by  a 
body  of  gas,  first,  arching  the  strata  into  one  of  the 
bubble-like  hillocks,  and  then,  blowing  oflf  its  summit. 
These  several  kinds  of  hillocks  and  pits,  as  well  as  the 
numerous,  small,  scoriaceous  craters,  all  show  that  this 
tract  has  been  penetrated,  almost  like  a  sieve,  by  the 
passage  of  heated  vapours.  The  more  regular  hillocks 
could  only  have  been  heaved  up,  whilst  the  lava  was  in 
a  softened  state.' 

'  M.  Elie  de  Bcaamonthas  described  (•M6m.  ponr  servir/ftc, 
tom.  iv.  p.  I  IB)  many  ^petits  cirques  d'^bonlement '  on  Etna,  of  some 
of  which  the  origin  is  historically  known. 

«  Sir  G.  Mackenzie  (*  Travels  in  Iceland/  pp.  889  to  392)  has  de- 
scribed a  plain  of  lava  at  the  foot  of  Hccla,  everywhere  heaved  np  into 
great  bubbles  or  blisters.  Sir  George  states  that  this  cavernous  lava 
composes  the  uppermost  stratum ;  and  the  same  fact  is  affirmed  by 
Von  Buch  (*De8cript.  des  Isles  Canaries/  p.  159),  with  respect  to  the 
basaltic  stream  near  Rialejo,  in  Teneriffe.  It  appears  singular  that 
it  should  be  the  upper  streams  that  are  chiefly  cavernous,  for  one 
sees  no  reason  why  the  upjicr  and  lower  should  not  have  been  equally 
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AlbebiIarle  Island. — ^This  island  consists  of  fivoi 
great,  flat-topped  craters,  which,  together  with  the  one 
on  the  adjoining  island  of  Narborongh,  singularly  re- 
semble each  other,  in  form  and  height.  The  sonthem 
one  is  4,700  feet  high,  two  others  are  3,720  feet,  a  third 
only  50  feet  higher,  and  the  remaining  ones  apparently 
of  nearly  the  same  height.  Three  of  these  are  situated 
on  one  line,  and  their  craters  appear  elongated  in  nearly 
the  same  direction.  The  northern  crater,  which  is  not 
the  largest,  was  found  by  the  triangulation  to  measure, 
externally,  no  less  than  three  miles  and  one-eighth  of  a 
mile  in  diameter.  Over  the  lips  of  these  great,  broad 
caldrons,  and  from  little  orifices  near  their  summits, 
deluges  of  black  lava  have  flowed  down  their  naked  sides. 

Fluidity  of  different  lavas. — ^Near  Tagus  or  Bankt' 
Cove,  I  examined  one  of  these  great  streams  of  lava, 
which  is  remarkable  from  the  evidence  of  its  former 
high  degree  of  fluidity,  especially  when  its  composition 
is  consider^.  Near  the  sea-coast  this  stream  is  several 
miles  in  width.  It  consists  of  a  black,  compact  base, 
easily  fusible  into  a  black  bead,  with  angular  and  not 
very  numerous  air-cells,  and  thickly  studded  with  large, 
fractured  crystals  of  glassy  albite,^  varying  from  the 

affected  at  different  times; — have  the  inferior  streams  flowed  beneath 
the  pressure  of  the  sea,  and  thus  been  flattened,  after  the  passage 
throagh  them,  of  bodies  of  gas  7 

'  In  the  Cordillera  of  Chile,  I  have  seen  lava  very  closely  resem- 
bling this  variety  at  tbe  Galapagos  Archipelago.    It  contained,  how- 
ever, besides  the  albite,  well-formed  crystals  of  angite,and  the  base 
(perhaps  in  consequence  of  the  aggregation  of  the  angitic  particles) 
was  a  shade  lighter  in  coloor.    I  may  here  remark,  that  in  all  these 
cases,  I  call  the  feldspathic  crystsds,  albite^  from  their  cleavage- 
planes  (as  measured  by  the  reflecting  goniometer)  corresponding 
with  those  of  that  mineraL    As,  however,  other  Bpecies  of  this  genus  ■ 
have  lately  been  discovered  to  cleave  in  nearly  the  same  planes  with, 
albite,  this  determination  must  be  considered  as  only  provisional.    I' 
examined  the  crystals  in  the  lavas  of  many  different  parts  of  the 
Galapagos  group,  and  I  found  that  none  of  them,  with  Uie  exception 
of  some  crystals  from  one  part  of  James  Island,  cleaved  in  tbeL 
direction  of  orthito  or  potash-feldspar. 
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tenth  of  an  incli  to  half-an-inch,  in  diameter.  This 
lava,  although  at  first  sight  appearing  eminently  por- 
phyritic,  cannot  properly  be  considered  so,  for  the 
crystals  have  evidently  been  enveloped,  rounded,  and 
penetrated  by  the  lava,  like  fragments  of  foreign  rock 
in  a  trap- dike.  This  was  very  clear  in  some  specimens 
of  a  similar  lava,  from  Abingdon  Island,  in  which  the 
only  difference  was,  that  the  vesicles  were  spherical  and 
more  nnmeroas.  The  albite  in  these  lavas  is  in  a 
similar  condition  with  the  leucite  of  Vesuvius,  and  with 
the  olivine,  described  by  Von  Buch,*  as  projecting  in 
great  balls  from  the  basalt  of  Lanzarote.  Besides  the 
albite,  this  lava  contains  scattered  grains  of  a  green 
mineral,  with  no  distinct  cleavage,  and  closely  resem- 
bling olivine ;  •  but  as  it  fuses  easily  into  a  green  glass, 
it  belongs  probably  to  the  augitic  family:  at  James 
Island,  however,  a  similar  lava  contained  true  olivine. 
I  obtained  specimens  from  the  actual  surface,  and  from 
a  depth  of  four  feet,  but  they  differed  in  no  respect. 
The  high  degree  of  fluidity  of  this  lava-stream  was  at 
once  evident,  from  its  smooth  and  gently  sloping  sur- 
face, from  the  manner  in  which  the  main  stream  was 
divided  by  small  inequalities  into  little  rills,  and  es- 
pecially from  the  manner  in  which  its  edges,  far  below 
its  source,  and  where  it  must  have  been  in  some  degree 
cooled,  thinned  out  to  almost  nothing  ;  the  actual 
margin  consisting  of  loose  fragments,  few  of  which  were 
larger  than  a  man's  head.  The  contrast  between  this 
margin,  and  the  steep  walls,  above  twenty  feet  high, 
bounding  many  of  the  basaltic  streams  at  Ascension,  is 
very  remarkable.  It  has  generally  been  supposed  that 
lavas  abounding  with   large   crystals,   and    including 

'  '  Description  des  Isles  Canaries,'  p.  295. 

'  Humboldt  mentions  that  he  mistook  a  green  angitio  mineral, 
occurring  in  the  volcanic  rocks  of  the  Ck)rdillera  of  Quito,  for  olivine. 
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angnlar  vesicles,'  have  possessed  little  fluidity  ;  but  we 
see  that  the  case  has  been  very  different  at  Albemarle 
Island.  The  degree  of  fluidity  in  different  lavas,  does 
not  seem  to  correspond  with  any  apparent  corresponding 
amount  of  difference  in  their  composition :  at  Chatham 
Island,  some  streams,  containing  much  glassy  albite 
and  some  oliviue,  are  so  rugged,  that  they  may  be  com- 
pared to  a  sea  fros^n  during  a  storm  ;  whilst  the  great 
stream  at  Albemarle  Island  is  almost  as  smooth  as  a 
lake  when  ruffled  by  a  breeze.  At  James  Island,  black 
basaltic  lava,  abounding  with  small  grains  of  olivine, 
presents  an  intermediate  degree  of  roughness ;  its  sur- 
face being  glossy,  and  the  detached  fragments  resem- 
bling in  a  very  singular  manner,  folds  of  drapery,  cables, 
and  pieces  of  the  bark  of  trees.' 

Craiers  of  tuff, — About  a  mile  southward  of  Banks* 
Cove,  there  is  a  fine  elliptic  crater,  about  500  feet  in 
depth,  and  three  quarters  of  a  mile  in  diameter.  Its 
bottom  is  occupied  by  a  lake  of  brine,  out  of  which 
some  little  crateriform  hills  of  tuff  rise.  The  lower 
beds   are   formed  of  compact  tuff,  appearing  like  a 

'  The  irregular  and  angular  form  of  •  the  vesicles  is  probably 
caused  by  the  unequal  yielding  of  a  mass  composed,  in  almost  equiil 
proportion,  of  solid  crystals  and  of  a  viscid  base.  It  certainly  seems 
a  general  circumstance,  as  might  have  been  expected,  that  in  lava, 
which  has  possessed  a  high  degree  of  fluidity,  as  well  as  an  even* 
tized  grain^  the  vesicles  are  internally  smooth  and  spherical. 

*  A  specimen  of  basaltic  lava,  with  a  few  small  broken  crystals 
of  albite,  given  me  by  one  of  the  olticers,  is  perhaps  wortliy  of  de- 
scription. It  consists  of  cylindrical  ramifications,  some  of  which  are 
only  the  twentieth  of  an  inch  in  diameter,  and  are  drawn  out  into 
the  sharpest  pointa.  The  mass  has  not  been  formed  like  a  stalactite, 
for  the  points  terminate  both  upwards  and  downwards.  Globules, 
only  the  fortieth  of  an  inch  in  diameter,  have  dropped  from  some  of 
the  points,  and  adhere  to  the  adjoining  branches.  The  lava  is  vesi- 
cular, bat  the  vesicles  never  reach  the  surface  of  the  branches, 
which  are  smooth  and  glossy.  As  it  is  generally  supposed  that  vesi- 
cles are  always  elongated  in  the  direction  of  the  movement  of  the 
fluid  mass,  I  may  observe,  that  in  these  cylindrical  branches,  which 
vary  from  a  quarter  to  only  the  twentieth  of  an  inch  i&  diameter, 
every  air-cell  is  spherical. 
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nibeurjaeoiiS  deposit ;  wliilst  the  upper  beds,  round  the 
entire  ciicumference;  oc-nsist  tt  a  harsh,  friable  toff, 
of  little  specific  graTity.  bat  often  containing  fragments 
of  rock  in  lajers.  This  cpper  toff  contains  nomeroaa 
pisolitic  balls,  abont  the  size  of  small  ballets,  which 
differ  from  the  snrronnding  matter,  only  in  being 
slightly  harder  and  finer  grained.  The  beds  dip  away 
yery  regalarly  on  all  sides,  at  angles  yarying,  as  I 
found  by  measurement,  from  25  to  30  degrees.  The 
external  snrface  of  the  crater  slopes  at  a  nearly  similar 
inclination;  and  is  formed  by  slightly  conyex  ribs, 
like  those  on  the  shell  of  a  pecten  or  scaUop,  which 
become  broader  as  they  extend  from  the  moath  of  the 
crater  to  its  base.  These  ribs  are  generally  from  eight 
to  twenty  feet  in  breadth,  but  sometimes  they  are  as 
much  as  forty  feet  broad  ;  and  they  resemble  old, 
pl&stered,  much  flattened  yaults,  with  the  plaster 
scaling  off  in  plates :  they  are  separated  from  each 
other  by  gullies,  deepened  by  alluvial  action.  At  their 
upper  and  narrow  ends,  near  the  mouth  of  the  crater, 
these  ribs  often  consist  of  real  hollow  passages,  like, 
but  rather  smaller  than,  those  often  formed  by  the 
cooling  of  the  crust  of  a  lava-streara,  whilst  the  inner 
parts  have  flowed  onward ; — of  which  structure  I  saw 
many  examples  at  Chathani  Island.  There  can  be  no 
doubt  but  that  these  hollow  ribs  or  vaults  have  been 
formed  in  a  similar  manner,  namely,  by  the  setting 
or  hardening  of 'a  superficial  crust  on  streams  of  mud, 
which  have  flowed  down  from  the  upper  part  of  the 
crater.  In  another  part  of  this  same  crater,  I  saw 
opc^n  concave  gutters  between  one  and  two  feet  wide, 
wliich  appear  to  have  been  formed  by  the  hardening 
of  the  lower  surface  of  a  mud-stream,  instead  of, 
ns  in  tlie  former  case,  of  the  upper  surface.  From 
these  facts  I  think  it  is  certain  that  the  tuff  must  have 


CHAP.  T.  Craters  of  Tuff.  121 

flowed  as  mn<L^  This  mud  may  have  been  formed 
either  within  the  crater,  or  from  ashes  deposited  on 
its  upper  parts,  and  afterwards  washed  down  by  torrents 
of  rain.  The  former  method,  in  most  of  the  cases, 
appears  the  more  probable  one ;  at  James  Island,  how- 
ever, some  beds  of  the  friable  kind  of  tuff  extend  so 
continuously  over  an  uneven  surface,  that  probably 
they  were  formed  by  the  falling  of  showers  of  ashes. 

Within  this  same  crater,  strata  of  coarse  tuff,  chiefly 
composed  of  fragments  of  lava,  abut,  like  a  consoli- 
dated talus,  against  the  inside  walls.  They  rise  to  a 
height  of  between  100  and  150  feet  above  the  surface 
of  the  internal  brine-lake ;  they  dip  inwards,  and  are 
inclined  at  an  angle  varying  from  80  to  36  degrees* 
They  appear  to  have  been  formed  beneath  water,  pro- 
bably at  a  period  when  the  sea  occupied  the  hollow  of 
the  crater.  I  was  surprise  to  observe  that  beds  having 
this  great  inclination  did  not,  as  far  as  they  could  be 
followed,  thicken  towards  their  lower  extremities. 

Bariki  Cove, — This  harbour  occupies  part  of  the 
interior  of  a  shattered  crater  of  tuff  larger  than  that 
last  described.  All  the  tuff  is  compact,  and  includes 
numerous  fragments  of  lava;  it  appears  like  a  sub- 
aqueous deposit.  The  most  remarkable  feature  in 
this  crater  is  the  great  development  of  strata  con- 
vergiDg  inwards,  as  in  the  last  case,  at  a  considerable 
inclination,  and  often   deposited  in   irregular  curved 

^  This  conclusion  U  of  some  interest,  because  M.  Dofr^noy 
(*  Mto.  poor  servir/  torn.  iv.  p.  274)  bas  argued  from  strata  of  tuff, 
apparency  of  similar  composition  witb  that  bere  described,  being 
inclined  at  angles  between  18°  and  20^,  that  Monte  Nuevo  and  some 
other  craters  of  Soutbem  Italy  bave  been  formed  by  npbeaval. 
From  tbe  facts  given  above,  of  tbe  vaulted  character  of  the  separate 
rills,  and  from  the  tuff  not  extending  in  horizontal  sheets  round 
these  craterif  orm  hills,  no  one  will  suppose  that  the  strata  have  here 
been  produced  by  elevation ;  and  yet  we  see  that  their  inclination  is 
above  20",  and  often  as  much  as  30^.  The  consolidated  strata,  also, 
of  the  internal  talus,  as  will  be  immediately  seen,  dips  at  an  angle 
of  above  30**. 
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Uj'era.     These  intcrrior  converging  btds,  as  well  as  the 

proper,  diverging,  crab*rironn   strata,  are   represented 

So.  13. 


in  the  accompaTiying  rnde,  eectional  sketch  of  the  head- 
tanilH,  forming  this  Core.  The  internal  and  external 
strata  differ  little  in  composition,  and  the  former  have 
evidently  resulted  from  the  wear  and  tear,  and  re- 
deposition  of  the  matter  Ibrming  the  external  crateriform 
strata.  From  the  great  development  of  these  inner 
l>cds,  a  person  walking  round  the  rim  of  this  crater 
might  fancy  himself  on  a  circular  anti-clinal  ridge 
of  strutilied  sandslone  and  conglomerate.  The  sea  Is 
wearing  away  the  inner  and  outer  strata,  and  especially 
the  latter  ;  so  that  the  inwardly  converging  strata  wilt, 
perhaps,  in  some  future  age,  be  Itft  standing  alone — a 
case  which  might  at  first  jierplex  a  geologist.' 

Jamf-s  Island. — Two  craters  of  tuff  on  this  island 
are  tlio  only  remaining  ones  which  require  any  notice. 


Ktiiall;  (X 


n  the  Azores,  where 


buunilul  vxUimoll;  by  utoep  bcu-wotd  clitlii.  Dr.  Daubeny  suppoees 
((in  Vii1<atni>ti,  p.  >tG6),  th^t  tliid  cavity  must  have  been  formeil  by  a 
circiilur  RuhHidcncn.  It  a]i]>parB  to  mc  far  more  probable,  that  we 
horo  havu  Mtratn  which  were  otii^nally  deposited  within  the  hollow 
of  a  craloc,  o[  which  (he  exterior  walhi  have  biqcc  been  temoved  bf 
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One  of  them  lies  a  mile  and  a-half  inland  from  Puerto 
Grande :  it  is  circular,  about  the  third  of  a  mile  in 
diameter,  and  400  feet  in  depth.  It  differs  from  all 
the  other  tuff-craters  which  I  examined,  in  having  the 
lower  part  of  its  cavity,  to  the  height  of  between  100 
and  150  feet,  formed  by  a  precipitous  wall  of  basalt, 
giving  to  the  crater  the  appearance  of  having  burst 
through  a  solid  sheet  of  rock.  The  upper  part  of  this 
crater  consists  of  strata  of  the  altered  tuff,  with  a 
semi-resinous  fracture.  Its  bottom  is  occupied  by  a 
shallow  lake  of  brine,  covering  layers  of  salt,  which 
rest  on  deep  black  mud.  The  other  crater  lies  at  the 
distance  of  a  few  miles,  and  is  only  remarkable  from 
its  size  and  perfect  condition.  Its  summit  is  1,200 
feet  above  the  level  of  the  sea,  and  the  interior  hollow 
is  600  feet  deep.  Its  external  sloping  surface  presented 
a  curious  appearance  from  the  smoothness  of  the  wide 
layers  of  tuff,  which  resembled  a  vast  plastered  floor. 
Brattle  Island  is,  I  believe,  the  largest  crater  in  the 
Archipelago  composed  of  tuff;  its  interior  diameter 
is  nearly  a  nautical  mile.  At  present  it  is  in  a  ruined 
condition,  consisting  of  little  more  than  half  a  circle 
open  to  the  south ;  its  great  size  is  probably  due,  in 
part,  to  internal  degradation,  fjpom  the  action  of  the  sea. 
Segment  of  a  small  basaltic  crater, — One  side  of 
Fresh-water  Bay,  in  James  Island,  is  bounded  by  a 
promontory,  which  forms  the  last  wreck  of  a  great 
crater.  On  the  head  of  this  promontory,  a  quadrant- 
shaped  segment  of  a  small  subordinate  point  of 
eruption  stands  exposed.  It  consists  of  nine  separate 
little  streams  of  lava  piled  upon  each  other  ;  and 
of  an  irregular  pinnacle,  about  fifteen  feet  high,  of 
reddish-brown,  vesicular  basalt,  abounding  with  large 
crystals  of  glassy  albite,  and  with  fused  augite. 
This  pinnacle,  and  some  adjoining  paps  of  rock  on 
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the  beach,  repreaents  the  axis  of  the  crater.  The 
streams  of  lava  can  be  followed  np  a  titttle  ravine,  at 
right  angles  to  the  coast,  for  between  ten  and  fifteen 
yards,  where  thej  are  hidden  by  detritos:  along  the 
beach  they  are  visible  for  nearly  eighty  yards,  and  I 
do  not  believe  that  they  extend  mach  farther.  The 
three  lower  streams  are  united  to  the  pinnacle ;  and  at 
the  point  of  janction  (as  is  shown  in  the  accompanying 
rnde  sketch  made  on  the  spot),  they  are  slightly  arched. 


as  if  ill  the  act  of  flowing  over  the  lip  of  Uie  crater. 
The  six  upper  streams  no  doubt  were  originally  united 
to  this  same  column  before  it  was  worn  down  by  the 
sea.  The  lava  of  these  streams  is  of  similar  com- 
position with  that  of  the  pinnacle,  excepting  that  the 
crystals  of  ulbite  apjiear  to  be  more  comminuted,  and 
the  grains  of  fused  augite  are  absent.  Each  stream 
18  separated  from  the  one  above  it  by  a  few  inches,  or 
at  most  by  one  or  two  feet  in  thickness,  of  loose  frag- 
mentary BcoriED,  apparently  derived  from  the  abrasion 
of  the  streams  in  passing  over  each  other.  All  these 
streams  are  very  remarkable  from  their  thinness.  I 
carefully  measured  several  of  them ;  one  was  eight  inches 
thick,  but  was  firmly  coated  with  three  inches  aboT^ 
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and  three  inches  below,  of  red  scoriaceons  rock  (which 
is  the  case  with  all  the  streams),  making  altogether  a 
thickness  of  fourteen  inches:  this  thickness  was  pre- 
served quite  uniformly  along  the  entire  length  of  the 
section.  A  second  stream  was  only  eight  inches  thick, 
including  both  the  upper  and  lower  scoriaceous  surfaces. 
Until  examining  this  section,  I  had  not  thought  it 
possible  that  lava  could  have  flowed  in  such  uniformly 
thin  sheets  over  a  surface  far  from  smooth.  These 
little  streams  closely  resemble  in  composition  that 
great  deluge  of  lava  at  Albemarle  Island,  which  like- 
wise must  have  possessed  a  high  degree  of  fluidity. 

PsevLdo-extraneous^  ejected  fragments,  —  In  the 
lava  and  in  the  scorias  of  this  little  crater,  I  found 
several  fragments,  which,  from  their  angular  form, 
their  granular  structure,  their  freedom  from  air-cells, 
their  brittle  and  burnt  condition,  closely  resembled 
those  fragments  of  primary  rocks  which  are  occasionally 
ejected,  as  at  Ascension,  from  volcanos.  These  frag- 
ments consist  of  glassy  albite,  much  mackled,  and  with 
very  imperfect  cleavages,  mingled  with  semi- rounded 
grains,  having  tarnished,  glossy  surfaces,  of  a  steel-blue 
mineral.  The  crystals  of  albite  are  coated  by  a  red 
oxide  of  iron,  appearing  like  a  residual  substance ;  and 
their  cleavage-planes  also  are  sometimes  separated  by 
excessively  fine  layers  of  this  oxide,  giving  to  the 
crystals  the  appearance  of  being  ruled  like  a  glass 
micrometer.  There  was  no  quartz.  The  steel-blue 
mineral,  which  is  abundant  in  the  pinnacle,  but  which 
disappears  in  the  streams  derived  from  the  pinnacle, 
has  a  fused  appearance,  and  rarely  presents  even  a 
trace  of  cleavage;  I  obtained,  however,  one  measure- 
ment, which  proved  that  it  was  augite;  and  in  one 
other  fragment,  which  differed  from  the  others,  in 
being  slightly  cellular,  and  in  gradually  blending  into 
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the  Burroundiug  matrix  the  small  grains  of  this  mineral 
were  tolerably  well  crystallised.  Although  there  is  so 
wide  a  difference  in  appearance  between  the  lava  of 
the  little  streams,  and  especially  of  their  red  scoriaceoos 
crusts,  and  one  of  these  angular  ejected  fragments, 
which  at  first  sight  might  readily  be  mistaken  for 
syenite,  yet  I  believe  that  the  lava  has  originated  from 
the  melting  and  movement  of  a  mass  of  rock  of  abso- 
lutely similar  composition  with  the  fragments.  Besides 
the  specimen  above  alluded  to,  in  which  we  see  a 
fragment  becoming  slightly  cellular,  and  blending  into 
the  surrounding  matrix,  some  of  the  grains  of  the  steel- 
blue  augite  also  have  their  surfaces  becoming  very 
finely  vesicular,  and  passing  into  the  nature  of  the 
surrounding  paste ;  other  grains  are  throughout,  in  an 
intermediate  condition.  The  paste  seems  to  consist 
of  the  augite  more  perfectly  fused,  or,  more  probably, 
merely  disturbed  in  its  softened  state  by  the  movement 
of  the  mass,  and  mingled  with  the  oxide  of  iron  and 
with  finely  comminuted,  glassy  albite.  Hence  pro- 
bably it  is  that  the  fused  albite,  which  is  abundant 
in  the  pinnacle,  disappears  in  the  streams.  The  albite 
is  in  exactly  the  same  state,  with  the  exception  of 
most  of  the  crystals  being  smaller  in  the  lava  and  in 
the  embedded  fragments ;  but  in  the  fragments  they 
appear  to  be  less  abundant:  tbis,  however,  would 
naturally  happen  from  the  intumescence  of  the  augitic 
base,  and  its  consequent  apparent  increase  in  bulk.  It 
is  interesting  thus  to  trace  the  steps  by  which  a  com- 
pact granular  rock  becomes  converted  into  a  vesicular, 
pseudo-porphyritic  lava,  and  finally  into  red  scoriae. 
The  structure  and  composition  of  the  embedded  frag- 
ments show  that  they  are  parts  either  of  a  mass  of 
primary  rock  which  has  undergone  considerable  change 
from  volcanic  action,  or  more  probably  of  the  crust  of 
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a  body  cf  cooled  and  crystallised  lava,  which  has  after- 
wards been  broken  np  and  re-liquefied ;  the  crust  being 
less  acted  on  by  the  renewed  heat  and  movement. 

Oond^uiing  remarks  on  the  tuff-craters. — These 
craters,  from  the  peculiarity  of  the  resin-like  substance 
which  enters  largely  into  their  composition,  from  their 
structure,  their  size  and  number,  present  the  most  strik- 
ing feature  in  the  geology,  of  this  Archipelago.  The 
majority  of  them  form  either  separate  islets,  or  promon- 
tories attached  to  the  larger  islands ;  and  those  which 
now  stand  at  some  little  distance  from  the  coast  are 
worn  and  breached,  as  if  by  the  action  of  the  sea* 
From  this  general  circumstance  of  their  position,  and 
from  the  small  quantity  of  ejected  ashes  in  any  part 
of  the  Archipelago,  I  am  led  to  conclude,  that  the  tuff 
haa  been  chiefly  produced,  by  the  grinding  together  of 
fragments  of  lava  within  active  craters,  communicating 
with  the  sea.  In  the  origin  and  composition  of  the 
tuff,  and  in  the  frequent  presence  of  a  central  lake  of 
brine  and  of  layers  of  salt,  these  craters  resemble,  though 
on  a  gigantic  scale,  the '  salses,'  or  hillocks  of  mud,  which 
are  common  in  some  parts  of  Italy  and  in  other  countries.* 
Their  closer  connection,  however,  in  this  Archipelago, 
with  ordinary  volcanic  action,  is  shown  by  the  pools  of 
solidified  basalt,  with  which  they  are  sometimes  filled  up* 

It  at  first  appears  very  singular,  that  all  the  craters 
formed  of  tuff  have  their  southern  sides,  either  quite 
broken  down  and  wholly  removed,  or  much  lower  than 
the  other  sides.  I  saw  and  received  accounts  of  twenty- 
eight  of  these  craters ;  of  these,  twelve  form  separate 

1  D'Aabnisson's  *Trail6  de  G6ognosie/  torn.  !.  p.  189.  I  may 
remark,  that  I  saw  at  Teroeira,  in  the  Azores,  a  crater  of  tuff  or 
peperino,  very  similar  to  these  of  the  Qalapagos  Archipelago.  From 
the  description  given  in  Freycinet's  *  Voyage,*  similar  ones  occar  at 
the  Sandwich  luandfl ;  and  probably  thcgr  are  present  in  many  othef 
places. 
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islets,^  and  now  exist  as  mere  crescents  quite  open  to 
the  south,  with  occasionally  a  few  points  of  rock  mark- 
ing their  former  circumference ;  of  the  remaining  six- 
teen, some  form  promontories,  and  others  stand  at  a 
little  distance  inland  from  the  shore;  but  all,  have 
their  southern  sides  either  the  lowest,  or  quite  broken 
down.  Two,  however,  of  the  sixteen  had  their  northern 
sides  also  low,  whilst  their  eastern  and  western  sides 
were  perfect.  I  did  not  see,  or  hear  of,  a  single  ex- 
ception to  the  rule,  of  these  craters  being  broken  down 
or  low  on  the  side,  which  faces  a  point  of  the  horizon 
between  SE.  and  SW.  This  rule  does  not  apply  to 
craters  composed  of  lava  and  scorisd.  The  explanation 
is  simple  :  at  this  Archipelago,  the  waves  from  the 
trade-wind,  and  the  swell  propagated  from  the  distant 
parts  of  the  open  ocean,  coincide  in  direction,  (which 
is  not  the  case  in  many  parts  of  the  Pacific,)  and  with 
their  united  forces  attack  the  southern  sides  of  all  the 
islands;  and  consequently  the  southern  slope,  even 
when  entirely  formed  of  hard  basaltic  rock,  is  invariably 
steeper  than  the  northern  slope.  As  the  tuff-craters 
are  composed  of  a  sofl  material,  and  as  probably  all,  or 
nearly  all,  have  at  some  period  stood  immersed  in  the 
sea,  we  need  not  wonder  that  they  should  invariably 
exhibit  on  their  exposed  sides  the  effects  of  this  great 
denuding  power.  Judging  from  the  worn  condition  of 
many  of  these  craters,  it  is  probable  that  some  have 
been  entirely  washed  away.  As  there  is  no  reason  to 
suppose,   that  the  craters  formed  of  scoriaB  and  lava 


'  These  consist  of  the  three  Grossman  Islets,  the  largest  of  which 
is  600  feet  in  height ;  Enchanted  Island ;  Gardner  Island  (760  feet 
high)  ;  Champion  Island  (381  feet  high) ;  Enderby  Island ;  Brattle 
Island ;  two  islets  near  Indefatigable  Island ;  and  one  near  James 
Island.  A  seoond  crater  near  James  Island  (with  a  salt  lake  in  its 
centre)  has  its  southern  side  only  about  twenty  feet  high,  whilst  th« 
other  parts  of  the  drcumference  are  about  300  feet  in  height. 
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were  erupted  whilst  standing  in  the  sea,  we  can  see 
why  the  rule  does  not  apply  to  them.  At  Ascension,  it 
was  shown  that  the  mouths  of  the  craters,  which  are 
there  all  of  terrestrial  origin,  have  been  affected  by  the 
trade  wind  ;  and  this  same  power  might  here,  also,  aid 
in  making  the  windward  and  exposed  sides  of  some  of 
the  craters  originally  the  lowest. 

Mineralogical  composition  of  the  rocks. — In  the 
northern  islands,  the  basaltic  lavas  seem  generally  to  con- 
tain more  albite  than  they  do  in  the  southern  half  of  the 
Archipelago ;  but  almost  all  the  streams  contain  some. 
The  albite  is  not  unfrequently  associated  with  olivine. 
I  did  not  observe  in  any  specimen  distinguishable 
crystals  of  hornblende  or  augite ;  I  except  the  fused 
grains  in  the  ejected  fragments,  and  in  the  pinnacle  of 
the  little  crater,  above  described.  I  did  not  meet  with 
a  single  specimen  of  true  trachyte ;  though  some  of  the 
paler  lavas,  when  abounding  with  large  crystals  of  the 
harsh  and  glassy  albite,  resemble  in  some  degree  this 
rock ;  but  in  every  case  the  basis  fuses  into  a  black 
enamel.  Beds  of  ashes  and  far-ejected  scoriaa,  as  pre- 
viously stated,  are  almost  absent ;  nor  did  I  see  a  frag- 
ment of  obsidian  or  of  pumice.  Von  Buch*  believes 
that  the  absence  of  pumice  on  Mount  Etna  is  conse- 
quent on  the  feldspar  being  of  the  Labrador  variety ; 
if  the  presence  of  pumice  depends  on  the  constitution 
of  the  feldspar,  it  is  remarkable,  that  it  should  be  ab- 
sent in  this  archipeli^,  and  abundant  in  the  Cordillera 
of  South  America,  in  both  of  which  regions  the  feld- 
spar ii  of  the  albitio  variety.  Owing  to  the  absence  of 
ashes,  and  the  general  indecomposable  character  of  the 
lava  in  this  Archipelago,  the  islands  are  slowly  clothed 
with  a  poor  vegetation,  and  the  scenery  has  a  desolate 
and  frightful  aspect. 

*  *  Deflcriptum  des  lales  Canaries.'  p.  328. 
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Elevaiion  of  the  land. — Proofs  of  the  rising  of  the 
land  are  scanty  and  imperfect.  At  Chatham  Island,  I 
noticed  some  great  blocks  of  lava,  cemented  by  cal- 
careous matter,  containing  recent  shells;  but  they 
occurred  at  the  height  of  only  a  few  feet  above  high- 
water  mark.  One  of  the  oflBcers  gave  me  some  frag- 
ments of  shells,  which  he  found  embedded  several 
hundred  feet  above  the  sea,  in  the  tuff  of  two  craters, 
distant  from  each  other.  It  is  possible,  that  these 
fragments  may  have  been  carried  up  to  their  present 
height  in  an  eruption  of  mud ;  but  as,  in  one  instance, 
they  were  associated  with  broken  oyster-shells,  almost 
forming  a  layer,  it  is  more  probable  that  the  tuff  was 
uplifted  with  the  shells  in  mass.  The  specimens  are 
so  imperfect  that  they  can  be  recognised  only  as  be- 
longing to  recent  marine  genera.  On  Charles  Island, 
I  observed  a  line  of  great  rounded  blocks,  piled  on  the 
summit  of  a  vertical  cliff,  at  the  height  of  fifteen  feet 
above  the  line,  where  the  sea  now  acts  during  the 
heaviest  gales.  This  appeared,  at  first,  good  evidence 
in  favour  of  the  elevation  of  the  land ;  but  it  was 
quite  deceptive,  for  I  afterwards  saw  on  an  adjoining 
part  of  this  same  coast,  and  heard  from  eye-witnesses, 
that  wherever  a  recent  stream  of  lava  forms  a  smooth 
inclined  plane,  entering  the  sea,  the  waves  during  gales 
have  the  power  of  rolling  up  rounded  blocks  to  a  great 
height,  above  the  line  of  their  ordinary  action.  As  the 
little  cliff  in  the  foregoing  case  is  formed  by  a  stream 
of  lava,  which,  before  being  worn  back,  must  have  en- 
tered the  sea  with  a  gently  sloping  surface,  it  is  possible 
or  rather  it  is  probable,  that  the  rounded  boulders, 
now  lying  on  its  summit,  are  merely  the  remnant  of 
those  which  had  been  rolled  up  during  storms  to  their 
present  height. 

Direction  of  {he  fissures  of  eruption. — The  volcanio 
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orifices  in  this  group  cannot  be  considered  as  indis- 
criminately scattered.  Three  great  craters  on  Albemarle 
Island  form  a  well  marked  line,  extending  NW.  by  N. 
and  SE.  by  S.  Narborongh  Island,  and  the  great  crater 
on  the  rectangular  projection  of  Albemarle  Island^ 
form  a  second  parallel  line.  To  the  east,  Hood's 
Island,  and  the  islands  and  rocks  between  it  and  James 
Island,  form  another  nearly  parallel  line,  which,  when 
prolonged,  includes  Culpepper  and  Wenihan  Islands, 
lying  seventy  miles  to  the  north.  The  other  islands 
lying  farther  eastward,  form  a  less  regular  fourth  line. 
Several  of  these  islands,  and  the  vents  on  Albemarle 
Island,  are  so  placed,  that  they  likewise  fall  on  a  set 
of  rudely  parallel  lines,  intersecting  the  former  lines  at 
right  angles;  so  that  the  principal  craters  appear  to 
lie  on  the  points  where  two  sets  of  fissures  cross  each 
other.  The  islands  themselves,  with  the  exception  of 
Albemarle  Island,  are  not  elongated  in  the  same  direc- 
tion with  the  lines  on  which  they  stand.  The  direction 
of  these  islands  is  nearly  the  same  with  that  which 
prevails  in  so  remarkable  a  manner  in  the  numerous 
archipelagos  of  the  great  Pacific  Ocean.  Finally,  I  may 
remark,  that  amongst  the  Galapagos  Islands  there  is  no 
one  dominant  vent  much  higher  than  all  the  others, 
as  may  be  observed  in  many  volcanic  archipelagos :  the 
highest  is  the  great  mound  on  the  south-western  ex- 
tremity of  Albemarle  Island,  which  exceeds  by  barely 
a  thousand  feet  several  other  neighbouring  craters. 


10 


132  Trachyte  and  Basalt.  paet  i. 


CHAPTER  VL 

TRACHYTE  AND   BASALT. — DISTRIBUTION  OF  VOLCANIC 

ISLES. 

The  sinking  qf  oryataU  in  fluid  lava — Specifio  gramty  of  the  eoniH^ 
tuetit  parts  of  trachyte  and  of  basalt ^  and  their  consequent  separa* 
tion —  Obsidian — Apparent  non-separation  of  the  element  ofplutonie 
rochs— Origin  of  trajhdikes  in  the  plutojiio  series — Distribution  of 
volcanic  islands  ;  their  prevalence  in  the  great  oceans — They  are 
generally  arranged  in  lines — The  central  voloanos  of  Von  Bueh 
doubtful — Volcanie  islands  bordering  continents — Antiquity  qf 
volcanic  ijilands,  and  their  elevation  in  mass — EruptiofU  on 
parallel  lines  of  fissure  within  the  same  geological  period. 

On  the  separation  of  the  constituent  minerals  of  lava, 
according  to  their  specific  gravities,  —  One  side  of 
Fresh-water  Bay,  in  James  Island,  is  formed  by  the 
wreck  of  a  large  crater,  mentioned  in  the  last  chapter, 
of  which  the  interior  has  been  filled  up  by  a  pool  of 
basalt,  about  200  feet  in  thickness.  This  basalt  is  of  a 
gray  colour,  and  contains  many  crystals  of  glassy  albitOy 
which  become  much  more  numerous  in  the  lower, 
scoriaceous  part.  This  is  contrary  to  what  might  have 
bi>en  expected,  for  if  the  crystals  had  been  originally 
disseminated  in  equal  numbers,  the  greater  intumescence 
of  this  lower  scoriaceous  part  would  have  made  them 
appear  fewer  in  number.  Von  Buch '  has  described  a 
stream  of  obsidian  on  the  peak  of  Toueriffe,  in  which 

■  •  Description  dcs  Isles  Canaries/  pp.  190  and  191. 
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the  crystals  of  feldspar  become  more  and  more  numerous, 
as  the  depth  or  thickness  increases,  so  that  near  the 
lower  8m*face  of  the  stream  the  lava  even  resembles  a 
primary  rock.  Von  Buch  further  states,  that  M.  Dr6e, 
in  his  experiments  in  melting  lava,  found  that  the 
crjstals  of  feldspar  always  tended  to  precipitate  them- 
selves to  the  bottom  of  the  crucible.  In  these  cases,  I 
presume  there  can  be  no  doubt '  that  the  crystals  sink 
from  their  weight.  The  specific  gravity  of  feldspar 
varies*  from  2*4  to  2*58,  whilst  obsidian  seems  com- 
monly to  be  from  2*3  to  2  4;  and  in  a  fluidified  state 
its  specific  gravity  would  probably  be  less,  which  would 
facilitate  the  sinking  of  the  crystals  of  feldspar.  At 
James  Island,  the  crystals  of  albito,  although  no  doubt 
of  less  weight  than  the  gray  basalt,  in  the  parts  where 
compact,  might  easily  be  of  greater  specific  gravity 
than  the  scoriaceous  mass,  formed  of  melted  lava  and 
bubbles  of  heatod  gas. 

The  sinking  of  crystals  through*  a  viscid  substance 
like  molten  rock,  as  is  unequivocally  shown  to  have 
been  the  case  in  the  experiments  of  M.  Dr6e,  is  worthy 
of  further  consideration,  as  throwing  light  on  the  sepa- 
ration of  the  trachytic  and  basaltic  series  of  lavas. 
Mr.  P.  Scrope  has  speculated  on  this  subject ;  but  he 

'  In  a  mass  of  molten  iron,  it  is  found  (*  Edinburgh  New  Philoso- 
phical Journal,'  vol.  xxiv.  p.  66)  that  the  substances,  which  have  a 
closer  affinity  for  oxygen  than  iron  has,  rise  from  the  interior  of 
the  mass  to  the  surface.  But  a  similar  cause  can  hardly  apply  to 
the  separation  of  the  crystals  of  tliese  lava  streams.  The  cooling  of 
the  surface  of  lava  seems,  in  some  cases,  to  have  affected  its  compo- 
dtion ;  for  Dufr6noy  (*  M6m.  pour  servir,'  torn.  iv.  p.  271)  found  that 
the  interior  parts  of  a  stream  near  Naples  contained  two-thirds  of  a 
mineral  which  was  acted  on  by  acids,  whilst  the  surface  consisted 
chiefly  of  a  mineral  unattackable  by  acids. 

*  I  have  taken  the  specific  gravities  of  the  simple  minerals  from 
Von  Eobell,  one  of  the  latest  and  best  authorities,  and  of  the  rocks 
from  various  anthorities.  Obsidian,  according  to  Phillips,  is  2*36; 
and  Jameson  says  it  never  exceeds  2*4 ;  but  a  specimen  from 
Ascension,  weighed  by  myself,  was  2*42. 
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does  not  seem  to  have  been  aware  of  any  positive  facts, 
such  as  those  above  given ;  and  he  has  overlooked  one 
very  necessary  element,  as  it  appears  to  me,  in  the 
phenomenon — namely,  the  existence  of  either  the 
lighter  or  heavier  mineral  in  globules  or  in  crystals. 
In  a  substance  of  imperfect  fluidity,  like  molten  rock, 
it  is  hardly  credible,  that  the  separate,  infinitely  small 
atoms,  whether  of  feldspar,  augite,  or  of  any  other 
mineral,  would  have  power  from  their  slightly  different 
gravities  to  overcome  the  friction  caused  by  their 
movement;  but  if  the  atoms  of  any  one  of  these 
minerals  became,  whilst  the  others  remained  fluid, 
united  into  crystals  or  granules,  it  is  easy  to  perceive  that 
from  the  lessened  friction,  their  sinking  or  floating  power 
would  bo  greatly  increased.  On  the  other  hand,  if  all 
the  minerals  became  granulated  at  the  same  time,  it  is 
scarcely  possible,  from  their  mutual  resistance,  that  any 
separation  could  take  place.  A  valuable,  practical  dis- 
covery, illustrating  -the  effect  of  the  granulation  of  one 
element  in  a  fluid  mass,  in  aiding  its  separation,  has 
lately  been  made :  when  lead  containing  a  small  pro- 
portion of  silver,  is  constantly  stirred  whilst  cooling,  it 
becomes  granulated,  and  the  grains  or  imperfect  crystals 
of  nearly  pure  lead  sink  to  the  bottom,  leaving  a 
residue  of  melted  metal  much  richer  in  silver ;  whereas 
if  the  mixture  be  left  undisturbed,  although  kept  fluid 
for  a  length  of  time,  the  two  metals  show  no  signs  of 
separating.^     The  sole  use  of  the  stirring  seems  to  be, 


'  A  full  and  interesting  account  of  this  discovery,  by  Mr. 
Pattinson,  was  read  before  the  British  Association  in  September, 
1838.  In  some  alloys,  according  to  Turner  ('Chemistry/ p.  210), 
the  heaviest  metal  sinks,  and  it  appears  that  this  takes  piace  whilst 
both  metals  are  fluid.  Where  there  is  a  considerable  difference  in 
gravity,  as  between  iron  and  the  slag  formed  during  the  fusion  of 
Uie  ore,  we  need  not  be  surprised  at  the  atoms  separating,  withovt 
either  substance  being  granulated. 
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the  formation  of  detached  granules.  The  specific 
gravity  of  silver  is  10*4,  and  of  lead  11 '35:  the  granu- 
lated lead,  which  sink&,  is  never  absolutely  pure,  and 
the  residual  fluid  metal  contains,  when  richest,  only 
yfy  part  of  silver.  As  the  difference  in  specific  gravity, 
caused  by  the  different  proportions  of  the  two  metals, 
is  so  exceedingly  small,  the  separation  is  probably  aided 
in  a  great  degree  by  the  difference  in  gravity  between 
the  lead,  when  granular  though  still  hot,  and  when 
fluid. 

In  a  body  of  liquefied  yolcanic  rock,  left  for  some 
time  without  any  violent  disturbance,  we  might  expect, 
in  accordance  with  the  above  facts,  that  if  one  of  the 
constituent  minerals  became  aggregated  into  crystals 
or  granules,  or  had  been  enveloped  in  this  state  from 
some  previously  existing  mass,  such  crystals  or  granules 
would  rise  or  sink,  according  to  their  specific  gravity. 
Now  we  have  plain  evidence  of  crystals  being  embedded 
in  many  lavas,  whilst  the  paste  or  basis  has  continued 
fluid.  I  need  only  refer,  as  instances,  to  the  several, 
great,  pseudo-porphyfitic  streams  at  the  Galapagos 
Islands,  and  to  the  trachytic  streams  in  many  parts  of 
the  world,  in  which  we  find  crystals  of  feldspar  bent 
and  broken  by  the  movement  of  the  surrounding,  semi- 
fluid matter.  Lavas  are  chiefly  composed  of  three 
varieties  of  feldspar,  varying  in  specific  gravity  from 
24  to  2*74  :  of  hornblende  and  augite,  varying  from  30 
to  3'4 ;  of  olivine,  varying  from  3*3  to  3*4 ;  and  lastly, 
of  oxides  of  iron,  with  specific  gravities  from  48  to  52. 
Hence  crystals  of  feldspar,  enveloped  in  a  mars  of 
liquefied,  but  not  highly  vesicular  lava,  would  tend  to 
rise  to  the  upper  parts ;  and  crystals  or  granules  of  the 
other  minerals,  thus  enveloped,  would  tend  to  sink. 
We  ought  not,  however,  to  expect  any  perfect  degree 
of   separation    in    sucli    viscid   materials.      Trachyte, 
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which  consists  chiefly  of  feldspar,  with  some  hornblende 
and  oxide  of  iron,  has  a  specific  gravity  of  about  2*45  ;  * 
whilst  basalt  composed  chiefly  of  augite  and  feldspar, 
often  with  much  iron  and  olivine,  has  a  gravity  of  about 
80.     Accordingly  we  find,  that  where  both  trachytic 
and  basaltic   streams  have  proceeded  from  the  same 
orifice,  the  trachytic  streams  have  generally  been  first 
erupted,  owing,  as  we  must  suppose,  to  the  molten  lava  of 
this  series  having  accumulated  in   the  upper  parts  of 
the  volcanic  focus.     This  order  of  eraption  has  been 
observed  by  Beudant,  Scrope,  and  by  other  authors; 
three  instances,  also,  have  been  given  in  this  volume. 
As   the  later  eruptions,  however,   from  most  volcanic 
mountains,  burst  through  their  basal  parts,  owing  to 
the  increased  height  and  weight  of  the  internal  column 
of  molten    rock,  we  see  why,  in  most  cases,  only  the 
lower  flanks  of  the  central,  trachytic  masses,  are  en- 
veloped by   basaltic  streams.     The  separation   of  the 
ingredients  of  a  mass  of  lava  would,  perhaps,  sometimes 
take  place  within  the  body  of  a  volcanic  mountain,  if 
lofty  and  of  great  dimensions,  instead  of  within  the 
underground  focus;   in  which  case,  trachytic  streams 
might  be  poured  forth,  almost  contemporaneously,  or 
at  short    recurrent    intervals,   from   its  summit,   and 
basaltic  streams  from  its  base :  this  seems  to  have  taken 
place  at  TeneriSe.^    I  need  only  further  remark,  that 
from  violent  disturbances   the   separation   of  the  two 
series,   even    under    otherwise    favourable   conditions, 
would  naturally  often  be  prevented,  and  likewise  their 

'  Trachyte  from  Java,  was  found  by  Von  Buch  to  be  2*47;  from 
Auvergne,  by  De  la  Beche,  it  was  242 ;  from  Ascension,  by  myself, 
it  was  2-42.  Jameson  and  other  authors  give  to  bai:alt  a  specitic 
gravity  of  3*0 ;  but  specimens  from  Auvergne  were  found,  by  De  la 
Beche,  to  be  only  2-78 ;  and  from  the  Giant*s  Causeway,  to  be  2*91. 

*  Conj^^ult  Von  Buch's  well-known  and  admirable  De»cri/ftiom 
Phytique  of  this  island,  which  might  serve  as  a  model  of  descriptive 
geology. 
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usual  order  of  eruption  be  inverted.  From  the  high 
degree  of  fluidity  of  most  basaltic  lavas,  these  perhaps, 
alone,  would  in  many  cases  reach  the  surface. 

As  we  have  seen  that  crystals  of  feldspar,  in  the 
instance  described  by  Von  Bach,  sink  in  obsidian,  in 
accordance  with  their  known  greater  specific  gravity, 
we  might  expect  to  find  in  every  trachytic  district, 
where  obsidian  has  flowed  as  lava,  t^at  it  had  proceeded 
from  the  upper  or  highest  orifices.  This,  according  to 
Von  Buch,  holds  good  in  a  remarkable  manner  both  at 
the  Lipari  Islands  and  on  the  Peak  of  Tenerifie;  at 
this  latter  place  obsidian  has  never  flowed  from  a  less 
height  than  9,200  feet.  Obsidian,  also,  appears  to  have 
been  erupted  from  the  loftiest  peaks  of  the  Peruvian 
Cordillera.  I  will  only  further  observe,  that  the  specific 
gravity  of  quartz  varies  from  2*6  to  2*8  ;  and  therefore, 
that  when  present  in  a  volcanic  focus,  it  would  not  tend 
to  sink  with  the  basaltic  bases ;  and  this,  perhaps, 
explains  the  frequent  presence,  and  the  abundance  of 
this  mineral,  in  the  lavas  of  the  trachytic  series,  as 
observed  in  previous  parts  of  this  volume. 

An  objection  to  the  foregoing  theory,  will,  perhaps, 
be  drawn,  from  the  plutonic  rocks  not  being  separated 
into  two  evidently  distinct  series,  of  different  specific 
gravities ;  although,  like  the  volcanic,  they  have  been 
liquefied.  In  answer,  it  may  first  be  remarked,  that 
we  have  no  evidence  of  the  atoms  of  any  one  of  the 
constituent  minerals  in  the  plutonic  series  having  been 
aggregated,  whilst  the  others  remained  fluid,  which  we 
have  endeavoured  to  show  is  an  almost  necessary  con- 
dition of  their  separation  j  on  the  contrary,  the  crystals 
have  generally  impressed  each  other  with  their  forms.* 

'  The  crystalline  paste  of  phonolite  is  frequently  penetrated  by 
long  needles  of  hornblende ;  from  which  it  appears,  that  tlie  horn- 
blende, though  the  more  fusible  mineral,  has  crystallised  before,  or 
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In  the  second  place,  the  perfect  tranquillity,  nnder 
which  it  is  probable  that  the  plutonic  masses,  buried  at 
profound  depths,  have  cooled,  would,  most  likely,  be 
highly  unfavourable  to  the  separation  of  their  consti- 
tuent minerals ;  for,  if  the  attractive  force,  which  during 
the  progressive  cooling  draws  together  the  molecules  of 
the  different  minerals,  has  power  sufficient  to  keep 
them  together,  the  friction  between  such  half-formed 
crystals  or  pasty  globules  would  effectually  prevent  the 
heavier  ones  from  sinking,  or  the  lighter  ones  from 
rising.  On  the  other  hand,  a  small  amount  of  disturb- 
ance, which  would  probably  occur  in  most  volcanic 
foci,  and  which  we  have  seen  does  not  prevent  the 
separation  of  granules  of  lead  from  a  mixture  of  molten 
lead  and  silver,  or  crystals  of  feldspar  from  streams  of 
lava,  by  breaking  and  dissolving  the  less  perfectly 
formed  globules,  would  permit  the  more  perfect  and 
therefore  unbroken  crystals,  to  sink  or  rise,  according 
to  their  specific  gravity. 

Although  in  plutonic  rocks  two  distinct  species, 
corresponding  to  the  trachytic  and  basaltic  series,  do 
not  exist,  I  much  suspect,  that  a  certain  amount  of 
separation  of  their  constituent  parts  has  often  taken 
place.  I  suspect  this  from  having  observed  how  fre- 
quently dikes  of  greenstone  and  basalt  intersect  widely 

at  the  same  time  with  a  more  refractory  substance.  Phonolite,  as  far 
as  my  observations  serve,  in  every  instance  appears  I0  be  an  injected 
rock,  like  tliosc  of  the  plutonic  series ;  hence  prol)ably,  like  these 
latttT,  it  has  generally  been  cooled  without  repeated  and  violent  dis- 
turbances. J'hose  geologists  who  have  doubted  whether  granite 
could  have  been  formed  by  igneous  licjuefaction,  because  minerals 
of  dilTerent  degrees  of  fusibility  impress  each  other  with  their  forms, 
could  not  have  been  aware  of  the  fact  of  crystallised  hornblende 
penetniting  phonolite,  a.  rock  undoubtedly  of  igneous  origin.  The 
viscidity,  which  it  is  now  known,  that  both  feldspar  and  quartz  retain 
at  a  temperature  much  below  their  points  of  fusion,  easily  explains 
their  mutual  impressment.  Consult  on  this  subject  Mr.  Homer*8 
paper  on  Bonn,  •  Geolog.  Transact.*  voL  It.  p.  439 ;  and  •  Llnstitat/ 
with  respect  to  quartz,  1839,  p.  161. 
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extended  formations  of  granite  and  the  allied  meta- 
morphic  rocks.  I  have  never  examined  a  district  in 
an  extensive  granitic  region  without  discovering  dikes ; 
I  may  instance  the  numerous  trap-dikes,  in  several 
districts  of  Brazil,  Chile,  and  Australia,  and  at  the  Cape 
of  Good  Hope  :  many  dikes  likewise  occur  in  the  great 
granitic  tracts  of  India,  in  the  north  of  Europe,  and  in 
other  countries.  Whence,  then,  has  the  greenstone 
and  basalt,  forming  these  dykes,  come?  Are  we  to 
suppose,  like  some  of  the  elder  geologists,  that  a  zone 
of  trap  is  uniformly  spread  out  beneath  the  granitic 
series,  which  composes,  as  far  as  we  know,  the  founda- 
tions of  the  earth's  crust  ?  Is  it  not  more  probable,  that 
these  dikes  hlive  been  formed  by  iBssures  penetrating 
into  partially  cooled  rocks  of  the  granitic  and  meta- 
morphic  series,  and  by  their  more  fluid  parts,  consisting 
chiefly  of  hornblende,  oozing  out,  and  being  sucked 
into  such  fissures?  At  Bahia,  in  Brazil,  in  a  district 
composed  of  gneiss  and  primitive  greenstone,  I  saw 
many  dikes,  of  a  dark  augitic  (for  one  crystal  cert«,inly 
was  of  this  mineral)  or  hornblendic  rock,  which,  as 
several  appearances  clearly  proved,  either  had  been 
formed  before  the  surrounding  mass  had  become  solid, 
or  had  together  with  it  been  afterwards  thoroughly 
softened.*  On  both  sides  of  one  of  these  dikes,  the 
gneiss  was  penetrated,  to  the  distance  of  several  yards, 
by  numerous,  curvilinear  threads  or  streaks  of  dark 
matter,  which  resembled  in  form  clouds  of  the  class 
called  cirrhi-comaB  ;  some  few  of  these  threads  could  be 
traced  to  their  junction  with  the  dike.     When  examin- 

I  Portions  of  these  dikes  have  been  broken  off,  and  are  now  sar- 
rounded  by  the  primary  rocks,  with  their  laminae  conformably  wind- 
ing ronnd  them.  Dr.  Habbard,  also  (*  Silliman's  Journal/  vol.  zzziv 
p.  119).  has  described  an  interlacement  of  trap* veins  in  the  granite 
of  the  White  Moontains,  which  he  thinks  most  have  been  formed 
when  both  rocks  were  soft. 
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ing  thpm,  I  doubted  whether  snch  hair-like  and  cnrvili- 
near  veins  could  have  been  injected,  and  I  now  suspect, 
that  instead  of  having  been  injected  from  the  dike, 
they  were  its  feeders.  If  the  foregoing  view  of  the 
origin  of  trap-dikes  in  widely  extended  granitic  regions 
far  from  rocks  of  any  other  formation,  be  admitted  as 
probable,  we  may  further  admit,  in  the  case  of  a  great 
body  of  plutonic  rock,  being  impelled  by  repeated 
movements  into  the  axis  of  a  mountain-chain,  that  its 
more  liquid  constituent  parts  might  drain  into  deep 
and  unseen  abysses  ;  afterwards,  perhaps,  to  be  brought 
to  the  surface  under  the  form,  either  of  injected  masses 
of  greenstone  and  augitic  porphyry,*  or  of  basaltic 
eruptions.  Much  of  the  difficulty  whfch  geologists 
have  experienced,  when  they  have  compared  the  com- 
position of  volcanic  with  plutonic  formations,  will,  I 
think,  be  removed,  if  we  may  believe,  that  most  plutonic 
masses  have  been,  to  a  certain  extent,  drained  of  those 
comparatively  weighty  and  easily  liquefied  elements, 
which  compose  the  trappean  and  basaltic  series  of 
rocks. 

On  the  distribution  of  volcanic  islands,  —  During 
my  investigations  on  coral-reefs,  I  had  occasion  to 
consult  the  works  of  many  voyagers,  and  I  was  invari- 
ably struck  with  the  fact,  that  with  rare  exceptions,  the 
innumerable  islands  scattered  throughout  the  Pacific, 
Indian,  and  Atlantic  Oceans,  were  composed  either  of 

^  Mr.  Phillips  (*Larclner's  Cyclopaeriia/vol.  ii.  p.  116)  quotes  Von 
Bach*8  statcincnt,  that  augitic  porphyry  ranges  parallel  to,  and  is 
fuund  constantly  at  the  base  of,  great  chains  of  mountains. 
Humboldt^  also,  has  remarked  the  frequent  occurrence  of  trap-rock, 
in  a  i^imilar  position  ;  of  which  fact  I  have  observed  many  examples 
at  the  foot  of  the  Chilian  Cordillera.  The  existence  of  granite  in 
the  axes  of  great  mountain  chains  is  always  probable,  and  I  am 
tempted  to  suppose,  that  the  laterally  injected  masses  of  augitio 
porphyry  and  of  trap,  bear  nearly  the  ^ame  relation  to  the  granitio 
axes  which  basaltic  lavas  boar  to  the  central  trachytic  masses,  round 
tlio  fljinks  of  which  they  have  so  fre<^ucntly  been  erupted. 
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Yolcanic,  or  of  modem  coral  rocks.  It  would  be  t^ions 
to  give  a  long  catalogue  of  all  the  volcanic  islands ;  but 
the  exceptions  which  I  have  found  are  easily  enumer- 
ated :  in  the  Atlantic,  we  have  St.  Pauls  Bock,  de* 
scribed  in  this  volume,  and  the  Falkland  Islands, 
composed  of  quartz  and  clayslate;  but  these  latter 
islands  are  of  considerable  size,  and  lie  not  very  far 
from  the  South  American  coast :  ^  in  the  Indian  Ocean, 
the  Seychelles  (situated  in  a  line  prolonged  from  Mada- 
gascar) consist  of  granite  and  quartz:  in  the  Pacific 
Ocean,  New  Caledonia,  an  island  of  large  size,  belongs 
(as  far  as  is  known)  to  the  primary  class.  New  Zealand, 
which  contains  much  volcanic  rock  and  some  active 
volcanos,  from  its  size  cannot  be  classed  with  the  small 
islands,  which  we  are  now  considering.  The  presence 
of  a  small  quantity  of  non-volcanic  rock,  as  of  clay-slate 
on  three  of  the  Azores,*  or  of  tertiary  limestone  at 
Madeira,  or  of  clay-slate  at  Chatham  Island  in  the 
Pacific,  or  of  lignite  at  Kerguelen  Land,  ought  not  to 
exclude  such  islands  or  archipelagos,  if  formed  chiefly 
of  erupted  matter,  from  the  volcanic  class. 

The  composition  of  the  numerous  islands  scattered 
through  the  great  oceans  being  with  such  rare  excep- 
tions volcanic,  is  evidently  an  extension  of  that  law, 
and  the  efiect  of  those  same  causes,  whether  chemical 
or  mechanical,  from  which  it  results,  that  a  vast  majority 
of  the  volcanos  now  in  action  stand  either  as  islands 

'  Judging  from  Foretert  imperfect  observation,  perhaps  Georgia 
18  not  volcanic.  Dr.  Allan  is  my  informant  with  regard  to  the 
Seychelles.  I  do  not  know  of  what  formation  Rodri^^ucz,  in  the 
Indian  Ocean,  is  composed. 

*  This  is  stated  on  the  authority  of  Count  V.  de  Bederaar,  with 
respect  to  Fl ores  and  Graciosa  (Cbarls worth  *  Magazine  of  Nat.  Hist.* 
vol.  i.  p.  557).  St.  Maria  has  no  volcanic  rock,  according  to  Captain 
Boyd  (Von  Buoh's '  Descript.*  p.  365).  Chatham  Island  has  been 
described  by  Dr.  Dieffenbach.in  the  *  Geographical  Journal,*  1841,  p. 
201.  As  yet  we  have  received  only  imperfect  notices  on  KcrgueloQ 
Land,  from  the  Antarctic  Expedition. 
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in  the  s^,  or  n'rar  it^  shores.  This  fact  of  the  ocean- 
i-slands  l>r:n^  go  i^rrnerallv  volcaaic  is  also  interesting 
in  relation  to  the  natnre  of  the  mountain-chains  on 
onr  continenrf*.  which  are  comparatively  seldom  vol- 
canic ;  and  vfrt  we  are  led  to  sappc»se  that  where  onr 
continents  now  stand  an  ocean  once  extended.  Do 
volcanic  eruptions,  we  may  ask,  reach  the  scrface  more 
readily  through  fissures  formed  during  the  first  stages 
of  the  conversion  of  the  bed  of  the  ocean  into  a  tract 
of  land  ? 

IxKildnjr  at  the  charts  of  the  numerous  volcanic 
arch i pel ngoH,  we  see  that  the  islands  are  generally 
arrangf'd  either  in  single,  double,  or  triple  rows,  in 
liiuvs  wliich  are  frequently  curved  in  a  slight  degree.* 
Each  separate  island  is  either  rounded,  or  more  gene- 
rally elongated  in  the  same  direction  with  the  group 
in  which  it  stands,  but  sometimes  transversely  to  it. 
Some  of  the  groups  which  are  not  much  elongated 
pn^s«mt  little  symmetry  in  their  forms;  M.  Virlet* 
states  that  this  is  the  case  with  the  Grecian  Archi- 
pr'la^o :  in  such  groups  I  suspect  (for  I  am  aware  how 
easy  it  is  to  deceive  oneself  on  these  points),  that  the 
vrnts  are  generally  arranged  on  one  line,  or  on  a  set 
of  short  parallel  lines,  intersecting  at  nearly  right 
angles  another  line,  or  set  of  lines.  The  Galapagos 
Archipelago  oflers  an  example  of  this  structure,  for 
most  of  the  islands  and  the  chief  orifices  on  the  largest 
island  are  so  grouped  as  to  fall  on  a  set  of  lines  ranging 
al)()ut.  NVV.  by  N.,  and  on  another  set  ranging  about 
"WSW. :  in  the  Canary  Archipelago  we  have  a  simpler 
Htructuro  of  the  same  kind :    in    the  Cape  de  Verde 

I  I'rofi'HHors  Willinm  and  Henry  DarwiL  Rogers  have  lately  in* 
liMtfd  iiiucli,  in  a  memoir  n'ad  1)6 fore  the  American  Association,  oo 
X\\Ks  ri'^iilarly  curved  lines  of  eleyaiion  in  parts  of  the  AppalachifiD 

*  •  UuUotla  de  la  Soo  Q6olog.  torn  iii  p.  110 
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group,  which  appears  to  be  the  least  symiDetrical  of 
any  oceanic  volcanic  archipelago,  a  NW.  and  SE. 
line  formed  by  several  islands,  if  prolonged,  would 
intersect  at  right  angles  a  curved  line,  on  which  the 
remaining  islands  are  placed. 

Von  Buch  *  has  classed  all  volcanos  under  two  heads, 
namely,  central  volcanos^  round  which  numerous  erup- 
tions have  taken  place  on  all  sides,  in  a  manner  almost 
regular,  and  volcanic  chains.  In  the  examples  given 
of  the  first  class,  as  far  as  position  is  concerned,  I  can 
see  no  grounds  for  their  being  called  'central;'  and 
the  evidence  of  any  difference  in  mineralogical  nature 
between  central  volcanos  and  volcanic  chains  appears 
slight.  No  doubt  some  one  island  in  most  small 
volcanic  archipelagos  is  apt  to  be  considerably  higher 
than  the  others ;  in  a  similar  manner,  whatever  the 
cause  may  be,  that  on  the  same  island  one  vent  is 
generally  higher  than  all  the  others.  Von  Buch  does 
not  include  in  his  class  of  volcanic  chains  small  archi- 
pelagos, in  which  the  islands  are  admitted  by  him,  as 
at  the  Azores,  to  be  arranged  in  lines;  but  when 
viewing  on  a  map  of  the  world  how  perfect  a  series 
exists  from  a  few  volcanic  islands  placed  in  a  row  to 
a  train  of  linear  archipelagos  following  each  other  in 
a  straight  line,  and  so  on  to  a  great  wall  like  the 
Cordillera  of  America,  it  is  difficult  to  believe  that 
there  exists  any  essential  difference  between  short  and 
long  volcanic  chains.  Von  Buch*  states  that  his 
volcanic  chains  surmount,  or  are  closely  connected 
with,  mountain-ranges  of  primary  formation:  but  if 
trains  of  linear  archipelagos  are,  in  the  course  of  time, 
by  the  long-continued  action  of  the  elevatory  and 
volcanic    forces,   converted    into    mountain-ranges,   it 

>  '  Description  des  Isles  Canaries,'  p.  324. 
*  Idem,  p.  393. 
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would  naturally  result  that  the  inferior  primary  rocks 
would  often  be  uplifted  and  brought  into  view. 

Some  authors  have  remarked  that  volcanic  islands 
occur  scattered,  though  at  very  unequal  distances,  along 
the  shores  of  the  great  continents,  as  if  in  some  measure 
connected  with  them.  In  the  case  of  Juan  Fernandez, 
situated  330  miles  from  the  coast  of  Chile,  there  was 
undoubtedly  a  connection  between  the  volcanic  forces 
acting  under  this  island  and  under  the  continent,  as 
was  shown  during  the  earthquake  of  1835.  The 
islands,  moreover,  of  some  of  the  small  volcanic  groups 
which  thus  border  continents,  are  placed  in  lines,  re- 
lated to  those  along  which  the  adjoining  shores  of 
the  continents  trend;  I  may  instance  the  lines  of 
intersection  at  the  Galapagos,  and  at  the  Cape  de 
Verde  Archipelagos,  and  the  best  marked  line  of  the 
Canary  Islands.  If  these  facts  be  not  merely  accidental, 
we  see  that  many  scattered  volcanic  islands  and  small 
groups  are  related  not  only  by  proximity,  but  in  the 
direction  of  the  fissures  of  eruption  to  the  neighbouring 
continents — a  relation,  which  Von  Buch  considers,  cha- 
racteristic of  his  great  volcanic  chains. 

In  volcanic  archipelagos,  the  orifices  are  seldom  in 
activity  on  more  than  one  island  at  a  time ;  and  the 
greater  eruptions  usually  recur  only  after  long  intervals. 
Observing  the  number  of  craters,  that  are  usually  found 
on  each  island  of  a  group,  and  the  vast  amount  of 
matter  which  has  been  erupted  from  them,  one  is  led 
to  attribute  a  high  antiquity  even  to  those  groups,  which 
appear,  like  the  Galapagos,  to  be  of  comparatively  recent 
origin.  This  conclusion  accords  with  the  prodigious 
amount  of  degradation,  by  the  slow  action  of  the  sea, 
which  their  originally  sloping  coasts  must  have  suffered, 
when  they  are  worn  back,  as  is  so  often  the  case,  into 
grand  precipices.     We  ought  not,  however  to  suppose. 
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in  hardly  any  instance,  that  the  whole  body  of  matter, 
forming  a  volcanic  island,  has  been  erupted  at  the 
level,  on  which  it  now  stands :  the  number  of  dikes, 
which  seem  invariably  to  intersect  the  interior  parts  of 
every  volcano,  show,  on  the  principles  explained  by 
M.  Elie  de  Beaumont,  that  the  whole  mass  has  been 
uplifted  and  fissured.  A  connection,  moreover,  between 
volcanic  eruptions  and  contemporaneous  elevations  in 
mass  '  has,  I  think,  been  shown  to  exist,  in  my  work  on 
Coral  Reefs,  both  from  the  frequent  presence  of  upraised 
organic  remains,  and  from  the  structure  of  the  accom- 
panying coral-reefs.  Finally,  I  may  remark,  that  in 
the  same  Archipelago,  eruptions  have  taken  place  within 
the  historical  period  on  more  than  one  of  the  parallel 
lines  of  fissure :  thus,  at  the  Galapagos  Archipelago, 
eruptions  have  taken  place  from  a  vent  on  Narborough 
Island,  and  from  one  on  Albemarle  Island,  which  vents 
do  not  fall  on  the  same  line ;  at  the  Canary  Islands, 
eruptions  have  taken  place  in  Teneriffe  and  Lanzarote ; 
and  at  the  Azores,  on  the  three  parallel  lines  of  Pico, 
St.  Jorge,  and  Terceira.  Believing  that  a  mountain- 
axis  differs  essentially  from  a  volcano,  only  in  plutonic 
rocks  having  been  injected,  instead  of  volcanic  matter 
having  been  ejected,  this  appeal's  to  me  an  interesting 
circumstance ;  for  we  may  infer  from  it  as  probable, 
that  in  the  elevation  of  a  mountain-chain,  two  or  more 
of  the  parallel  lines  forming  it  may  be  upraised  and 
injected  within  the  same  geological  period. 

>  A  similar  condnsion  is  forced  on  us,  by  the  phenomena,  which 
ftocompanied  the  earthquake  of  1835,  at  Conception,  and  which  are 
detailed  in  my  pa|>er  (vol.  v.  p.  601)  in  the  '  Geological  Transactions.' 
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CHAPTER  VIL 

Ken  South  WaUt—Sandttone  formation — Embedded  pteudo-frag' 
metUs  of  shale — Stratijioation — Current-clearage— Great  valley t 
—  Van  DiemerCt  Land — PaUeozcio  formaiion— Newer  formation 
with  volcanic  rocks — Travertin  with  leavet  of  extinct  plants-^ 
Iteration  of  the  land — j\'ew  Zealand — King  George^t  Sound — 
Superficial  ferruginous  beds — Superficial  calcareous  deposits,  with 
casts  of  branches — Their  origin  from  drafted  particles  of  shells  €Md 
corals— Thtdr  exten ' — Cape  of  Good  Hope — Junctum  of  the  granite 
and  clay-slate — Sandstone  formation. 

The  Beagle^  in  her  homeward  voyage,  touched  at  New 
Zealand,  Australia,  Van  Diem  en's  Land,  and  the  Cape 
of  Good  Hope.  In  order  to  confine  the  Second  Part  of 
these  Geological  Observations  to  South  America,  I  will 
here  briefly  describe  all  that  I  observed  at  these  places 
worthy  of  the  attention  of  geologists. 

New  Sovih  Wales. — My  opportunities  of  observa- 
tion consisted  of  a  ride  of  ninety  geographical  miles  to 
Bathurst,  in  a  WNW.  dire<;tion  from  Sydney.  The 
first  thirty  miles  from  the  coast  passes  over  a  sandstone 
country,  broken  up  in  many  places  by  trap-rocks,  and 
separated  by  a  bold  escarpment  overhanging  the  river 
Nepean,  from  the  great  sandstone  platform  of  the  Blue 
Mountains.  This  upper  platform  is  1,000  feet  high  at 
the  edge  of  the  escarpment,  and  rises  in  a  distance  of 
twenty-five  miles  to  between  3,000  and  4,000  feet  above 
the  level  of  the  sea.  At  this  distance  the  road  descends 
to  a  country  rather  less  elevated,  and  composed  in  chief 
part  of  primary  rocks.  There  is  much  granite,  in  one 
pait    passing   into    a   red    porphyry    with    octagonal 
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crystals  of  qnarfcz,  and  intersected  in  some  places  by 
trap-dikes.  Near  the  Downs  of  Bathurst  I  passed  over 
much  pale-brown,  glossy  clay-slate,  with  the  shattered 
lamina?  running  north  and  south :  I  mention  this  fact, 
because  Captain  King  informs  me  that,  in  the  country 
a  hundred  miles  southward,  near  Lake  George,  tL^ 
mica-slate  ranges  so  invariably  north  and  south  that 
the  inhabitants  take  advantage  of  it  ,in  finding  tlieir 
way  through  the  forests. 

The  sandstone  of  the  Blue  Mountains  is  at  least 
1,200  feet  thick,  and  in  some  parts  is  apparently  of 
greater  thickness ;  it  consists  of  small  grains  of  quartz, 
cemented  by  white  earthy  matter,  and  it  abounds  with 
ferruginous  veins.  The  lower  beds  sometimes  alternate 
with  shales  and  coal :  at  Wolgan  I  found  in  carbona- 
ceous shale  leaves  of  the  Olossopteris  Brownii^  a  fern 
which  so  frequently  accompanies  the  coal  of  Australia. 
The  sandstone  contains  pebbles  of  quartz ;  and  these 
generally  increase  in  number  and  size  (seldom,  however, 
exceeding  an  inch  or  two  in  diameter)  in  the  upper 
beds :  I  observed  a  similar  circumstance  in  the  grand 
sandstone  formation  at  the  Cape  of  Good  Hope.  On^ 
the  South  American  coast,  where  tertiary  aud  supra- 
tertiary  beds  have  been  extensively  elevated,  I  re- 
peatedly noticed  that  the  uppermost  beds  were  formed 
of  coarser  materials  than  the  lower :  this  appears  to 
indicate  that,  as  the  sea  became  shallower,  the  force  of 
the  waves  or  currents  increased.  On  the  lower  plat- 
form, however,  between  the  Blue  Mountains  and  the 
coast,  I  observed  that  the  upper  beds  of  the  sandstone 
frequently  passed  into  argillaceous  shale, — the  effect, 
probably,  of  this  lower  space  having  been  protected 
from  strong  currents  during  its  elevation.  The  sand- 
stone of  the  Blue  Mountains  evidently  having  been  of 
mechanical  origin,  and  not  having  suffered  any  meta- 

11 
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morphic  action,  I  was  surprised  at  observing  that,  in 
some  specimens,  nearly  all  the  grains  of  quartz  were  so 
perfectly  crystallised  with  brilliant  facets  that  they 
evidently  had  not  in  th&ii  present  form  been  aggregated 
in  any  previously  existing  rock.^  It  is  difficult  to 
imagine  how  these  crystals  could  have  been  formed; 
one  can  hardly  believe  that  they  were  separately  pre- 
cipitated in  their  present  crystallised  state.  Is  it 
possible  that  rounded  grains  of  quartz  may  have  been 
acted  on  by  a  fluid  corroding  their  surfaces,  and  de- 
positing on  them  fresh  silica  ?  I  may  remark  that,  in 
the  sandstone  formation  of  the  Cape  of  Good  Hope,  it 
is  evident  that  silica  has  been  profusely  deposited  from 
aqueous  solution. 

In  several  parts  of  the  sandstone  I  noticed  patches 
of  shale  which  might  at  the  first  glance  have  been 
mistaken  for  extraneous  fragments;  their  horizontal 
laminsa,  however,  being  parallel  with  those  of  the 
sandstone,  showed  that  they  were  the  remnants  of  thin, 
continuous  beds.  One  such  fragment  (probably  the 
section  of  a  long  narrow  strip)  seen  in  the  face  of  a  cliff, 
was  of  greater  vertical  thickness  than  breadth,  which 
proves  that  this  bed  of  shale  must  have  been  in  some 
slight  degree  consolidated,  after  having  been  deposited, 
and  before  being  worn  away  by  the  currents.  Each 
patch  of  the  shale  shows,  also,  how  slowly  many  of  the 
successive  layers  of  sandstone  were  deposited.  These 
pseudo-fragments  of  shale  will  perhaps  explain,  in  some 
cases,  the  origin  of  apparently  extraneous  fragments  in 

'  I  have  latelj  seen,  in  a  paper  bj  Smith  (the  father  of  English 
geologists),  in  the  *  Magazine  01  Natural  History/  that  the  grains  of 
quartz  in  the  millstone  grit  of  England  are  often  crystaUised.  Sir 
David  Brewster,  in  a  paper  read  l^fore  the  British  Association,  1840, 
states,  that  in  old  decomposed  glass,  the  silex  and  metals  separate 
into  concentric  rings,  and  that  the  silex  regains  its  crystalline  stmo- 
fcoroy  88  is  ihown  by  its  action  on  light. 
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crystalline  metamorphic  rocks.  I  mention  this,  because 
I  found  near  Rio  de  Janeiro  a  well-defined  angular 
fragment,  seven  yards  long  by  two  yards  in  breadth,  of 
gneiss  containing  gameta  and  mica  in  layers,  enclosed 
in  the  ordinary,  stratified,  porphyritic  gneiss  of  the 
country.  The  laminae  of  the  fragment  and  of  the  sur- 
rounding matrix  ran  in  exactly  the  same  direction,  but 
they  dipped  at  different  angles.  I  do  not  wish  to 
affirm  that  this  singular  fragment  (a  solitary  case,  as 
far  as  I  know)  was  originally  deposited  in  a  layer,  like 
the  shale  in  the  Blue  Mountains,  between  the  strata  of 
the  porphyritic  gneiss,  before  they  were  metamorphosed ; 
but  there  is  suflicient  analogy  between  the  two  cases  to 
render  such  an  explanation  possible. 

Stratification  of  the  escarpment. — The  strata  of 
the  Blue  Mountains  appear  to  the  eye  horizontal ;  but 
they  probably  have  a  similar  inclination  with  the  sur- 
face of  the  platform,  which  slopes  from  the  west  to- 
wards the  escarpment  over  the  Nepean,  at  an  angle  of 
one  degree,  or  of  one  hundred  feet  in  a  mile.*  The 
strata  of  the  escarpment  dip  almost  conformably  with 
its  steeply  inclined  face,  and  with  so  much  regularity, 
that  they  appear  as  if  thrown  into  their  present  position  ; 
but  on  a  more  careful  examination,  they  are  seen  to 
thicken  and  to  thin  out,  and  in  the  upper  part  to  be 
succeeded  and  almost  capped  by  horizontal  beds.  These 
appearances  render  it  probable,  that  we  here  see  an 
original  escarpment,  not  formed  by  the  sea  having 
eaten  back  into  the  strata,  but  by  the  strata  having 
originally  extended  only  thus  far.  Those  who  have 
been  in  the  habit  of  examining  accurate  charts  of  sea- 
coasts,  where  sediment  is  accumulating,  will  be  aware, 
that  the  surfaces  of  the  banks  thus  formed,  generally 

>  This  ia  stated  on  the  authority  of  Sir  T.  Mitchell^  in  hia 
*  Trayels,'  toL  ii.  p.  357. 
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elope  from  the  coast  very  gently  towards  a  certain  line 
in  the  offing,  beyond  which  the  depth  in  most  cases  sud- 
denly become^  great.  I  may  instance  the  great  banks 
of  sediment  within  the  West  Indian  Archipelago,* 
which  terminate  in  submarine  slopes,  inclined  at  angles 
of  between  30  and  40  degrees,  and  sometimes  even  at 
more  than  40  degrees :  every  one  knows  how  steep  such 
a  slope  would  appear  on  the  land.  Banks  of  this  nature, 
if  uplifted,  would  probably  have  nearly  the  same  ex- 
ternal form  as  the  platform  of  the  Blue  Mountains, 
where  it  abruptly  terminates  over  the  Nepean. 

Current  cleavage. — ^The  strata  of  sandstone  in  the 
low  coast  country,  and  likewise  on  the  Blue  Mountains, 
are  often  divided  by  cross  or  current  laminsD,  which 
dip  in  different  directions,  and  frequently  at  an  angle 
of  forty-five  degrees.  Most  authors  have  attributed 
these  cross  layers  to  successive  small  accumulations  on 
an  inclined  surface ;  but  from  a  careful  examination  in 
some  parts  of  the  New  Red  sandstone  of  England,  I 
believe  that  such  layers  generally  form  parts  of  a  series 
of  curves,  like  gigantic  tidal  ripples,  the  tops  of  which 
have  since  been  cut  off,  either  by  nearly  horizontal 
layers,  or  by  another  set  of  great  ripples,  the  folds  of 
which  do  not  exactly  coincide  with  those  below  them. 
It  is  well  known  to  surveyors  that  mud  and  sand  are  dis- 
turbed during  storms  at  considerable  depths,  at  least  from 
300  to  450  feet,'  so  that  the  nature  of  the  bottom  even 
becomes  temporarily  changed;  the  bottom,  also,  at  a 

'  I  have  described  these  very  carious  banks  in  the  Appendix 
(2nd  edit.  p.  255)  to  my  volume  on  the  structure  of  Coral  Keefs  I 
have  ascertained  the  inclination  of  the  edges  of  the  banks,  from 
information  given  me  by  Captain  B.  Allen,  one  of  the  surveyors,  and 
by  carefully  measuring  the  horizontal  distances  between  the  last 
Bounding  on  the  bank  and  the  first  in  the  deep  water.  Widely  ex- 
tended banks  in  all  parts  of  the  West  Indies  have  the  same  general 
lorm  of  surface. 

'  See  Martin  White,  on  *  Soondings  in  the  British  Channel,'  pp.  I 
tad  166. 
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depth  between  60  and  70  feet,  has  been  observed  *  to  be 
broadly  rippled.  One  may,  therefore,  be  allowed  to 
suspect,  from  the  appearances  just  mentioned  in  the 
New  Red  sandstone,  that  at  greater  depths,  the  bed  of 
th(i  ocean  is  heaped  np  during  gales  into  great  rippio- 
like  furrows  and  depressions,  which  are  afterwards  cut 
off  by  the  currents  during  more  tranquil  weather,  and 
again  furrowed  during  gales. 

Valleys  in  tlie  saiuhtone  platforms. — ^The  grand 
valleys,  by  which  the  Blue  Mountains  and  the  other 
sandstone  platforms  of  this  pai-t  of  Australia  are  peno 
trated,  and  which  long  offered  an  insuperable  obstacle 
to  the  attempts  of  the  most  enterprising  colonist  to 
reach  the  interior  country,  form  the  most  striking 
feature  in  the  geology  of  New  South  Wales.  They  are 
of  grand  dimensions,  and  are  bordered  by  continuous 
lines  of  lofty  cliffs.  It  is  not  easy  to  conceive  a  more 
tuagnificent  spectacle,  than  is  presented  to  a  person 
walking  on  the  summit-plains,  when  without  any  notice 
he  arrives  at  the  brink  of  one  of  these  cliffs,  which  are 
so  perpendicular,  that  he  can  strike  with  a  stone  (as  I 
have  tried)  the  trees  growing,  at  the  depth  of  between 
1,000  and  1,500  feet  below  him  ;  on  both  hands  he  sees 
headland  beyond  headland  of  the  receding  line  of  cliff, 
and  on  the  opposite  side  of  the  valley,  often  at  the 
distance  of  several  miles,  he  beholds  another  line  rising 
up  to  the  same  height  with  that  on  which  he  stands, 
and  formed  of  the  same  horizontal  strata  of  pale  sand- 
stone. The  bottoms  of  these  valleys  are  moderately  level, 
and  the  fall  of  the  rivers  flowing  in  them,  according  to 
Sir  T.  Mitchell,  is  gentle.  The  main  valleys  often  send 
iuto  the  platform  great  bay-like  arms,  which  expand  at 
their  upper  ends ;  and  on  the  other  hand,  the  platform 

*  M.  Sian  on  the  *  Action  of  V/avee  : '  *  Edin.  New  Phil.  Joorn. 
▼ol.  zxxi.  p.  245. 
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often  ef:nd5i  promontories  into  the  Tallev,  and  even 
leaves  in  them  great,  almost  insalated,  masses.  So 
continuous  are  the  boonding  lines  of  cliff,  that  to 
descend  into  some  of  these  valleys,  it  is  necessary  to  go 
roand  twenty  miles ;  and  into  others,  the  surveyors 
have  only  lately  penetrated,  and  the  colonists  have  not 
yet  been  able  to  drive  in  their  cattle.  Bat  the  most 
n.markable  point  of  structure  in  these  valleys,  is,  that 
although  several  miles  wide  in  their  upper  parts,  they 
generally  contract  towards  their  mouths  to  such  a  degree 
as  to  become  impassable.  The  Surveyor-General,  Sir 
T.  Mitchell,'  in  vain  endeavoured,  first  on  foot  and  then 
by  crawling  between  the  great  (alien  fragments  of  sand- 
stone, to  ascend  through  the  gorge  by  which  the  river 
Grose  joins  the  Nepean ;  yet  the  valley  of  the  Grose  in 
its  upper  part,  as  I  saw,  forms  a  magniGcent  basin  some 
miles  in  width,  and  is  on  all  sides  surrounded  by  clifis, 
the  summits  of  which  are  believed  to  be  nowhere  less 
than  3,000  feet  above  the  level  of  the  sea.  When  cattle 
are  driven  into  the  valley  of  the.Wolgan  by  a  path 
(which  I  descended)  partly  cut  by  the  colonists,  they 
cannot  escape ;  for  this  valley  is  in  every  other  part 
surrounded  by  perpendicular  cliffs,  and  eight  miles 
lower  down,  it  contracts,  from  an  average  width  of  half 
a  mile,  to  a  mere  chasm  impassable  to  man  or  beast. 
Sir  T.  Mitchell  ^  states,  that  the  great  valley  of  the  Cox 
river  with  all  its  branches  contracts,  where  it  unites 
with  the  Nepean,  into  a  gorge  2,200  yards  wide,  and 
about  1,000  feet  in  depth.  Other  similar  cases  might 
have  been  added. 

The  first  impression,  from  seeing  the  correspondence 


'  •  Travels  in  Australia,*  vol.  1.  p.  164. — I  must  express  my  obliga- 
tion to  Sir  T.  Mitchell,  for  several  interesting  personal  communica- 
lions  on  the  subject  of  these  great  valleys  of  New  South  Wales. 

»  •  Idem/  vol.  ii.  p.  368. 
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of  the  horizontal  strata,  on  each  side  of  these  valleys 
and  great  amphitheatre-like  depressions,  is  that  they 
have  been  in  chief  part  hollowed  out,  like  other 
valleys,  by  aqaeons  erosion ;  but  when  one  reflects  on 
the  enormous  amount  of  stone,  which  on  this  view 
must  have  been  removed,  in  most  of  the  above  cases 
through  mere  gorges  or  chasms,  one  is  led  to  ask 
whether  these  spaces  may  not  have  subsided.  But  con- 
sidering the  form  of  the  irregularly  branching  valleys, 
and  of  the  narrow  promontories,  projecting  into  them 
from  the  platforms,  we  are  compelled  to  abandon  this 
notion.  To  attribute  these  hollows  to  alluvial  action, 
would  be  preposterous;  nor  does  the  drainage  from 
the  summit-level  always  fall,  as  I  remarked  near 
the  Weatherboard,  into  the  head  of  these  valleys,  but 
into  one  side  of  their  bay-like  recesses.  Some  of  the 
inhabitants  remarked  to  me,  that  they  never  viewed 
one  of  these  bay-like  recesses,  with  the  headlands  re- 
ceding on  both  hands,  without  being  struck  with  their 
resemblance  to  a  bold  sea-coast.  This  is  certainly  the 
case ;  moreover,  the  numerous  fine  harbours,  with  theii 
widely  branching  arms,  on  the  present  coast  of  New 
South  Wales,  which  are  generally  connected  with  the 
sea  by  a  narrow  mouth,  from  one  mile  to  a  quarter  of  u 
mile  in  width,  passing  through  the  sandstone  coast-cliffS| 
present  a  likeness,  though  on  a  miniature  scale,  to  the 
great  valleys  of  the  interior.  But  then  immediately 
occurs  the  startling  difficulty,  why  has  the  sea  worn  out 
these  great,  though  circumscribed,  depressions  on  a 
wide  platform,  and  left  mere  gorges,  through  which 
the  whole  vast  amount  of  triturated  matter  must  have 
been  carried  away?  The  only  light  I  can  throw  on 
this  enigma,  is  by  showing  that  banks  appear  to  be 
forming  in  some  seas  of  the  most  irregular  forms,  and 
that  the  sides  of  such  banks  are  so  steep  (as  before 
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Btated)  that  a  comparatively  small  amount  of  subse- 
quent erosion  would  form  them  into  cliffs:  that  the 
waves  have  power  to  form  high  and  precipitous  cliffs, 
even  in  land-locked  harbours,  I  have  observed  in  many 
parts  of  South  America.  In  the  Red  Sea,  banks  with 
an  extremely  irregular  outline  and  composed  of  sedi- 
ment, are  penetrated  by  the  most  singularly  shaped 
creeks  with  narrow  mouths :  this  is  likewise  the  case, 
though  on  a  larger  scale,  with  the  Bahama  Banks. 
Such  banks,  I  have  been  led  to  suppose,*  have  been 
formed  by  currents  heaping  sediment  on  an  irregular 
bottom.  That  in  some  cases,  the  sea,  instead  of  spread- 
ing out  sediment  in  a  uniform  sheet,  heaps  it  round 
submarine  rocks  and  islands,  it  is  hardly  possible  to 
doubt,  after  having  examined  the  charts  of  the  West 
Indies.  To  apply  these  ideas  to  the  sandstone  plat- 
forms of  New  South  Wales,  I  imagine  that  the  strata 
might  have  been  heaped  on  an  irregular  bottom  by  the 
action  of  strong  currents,  and  of  the  undulations  of  an 
open  sea ;  and  that  the  valley-like  spaces  thus  lefl  un- 
filled might,  during  a  slow  elevation  of  the  land,  have 
had  their  steeply  sloping  flanks  worn  into  cliffs;  the 
worn-down  sandstone  being  removed,  either  at  the  time 
when  the  narrow  gorges  were  cut  by  the  retreating  sea, 
or  subsequently  by  alluvial  action. 


Yan  Diemen^s  Land. 

The  southern  part  of  this  island  is  mainly  formed  of 
mountains  of  greenstone,  which  often  assumes  a  syenitic 

»  See  the  •  Appendix'  (2nd  edit.  pp.  251  and  255)  to  the  «  Part 
on  Coral  Beefs/  The  fact  of  the  sea  heaping  up  mud  round  a  8ub- 
ujarine  nucleos,  is  worthy  of  the  notice  of  geologists :  for  oatli^ers 
of  the  same  composition  with  the  coast-banks  are  thus  formed ;  and 
these,  if  upheaved  and  worn  into  cliffs,  would  naturally  be  thought 
to  have  be»8n  once  connected  together. 
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character,  and  contains  n:  uch  hypersthene.  These  moun- 
tains, in  their  lower  half,  are  generally  encased  by  strata 
containing  numerous  small  coral?  and  some  shells. 
These  shells  have  teen  examined  by  Sir.  6.  B.  Sowerby, 
and  are  described  in  the  Appendix :  they  consist  of  two 
species  of  Producta,  and  of  six  of  Spirifera ;  two  of 
these,  namely,  P.  rugata  and  8,  rotundaia,  resemble, 
as  far  as  their  imperfect  condition  allows  of  comparison, 
Britioh  mountain-limestone  shells.  Mr.  Lonsdale  has 
had  the  kindness  to  examine  the  corals ;  they  consist 
of  six  nndescribed  species,  belonging  to  three  genera. 
Species  of  these  genera  occur  in  the  Silurian,  Devonian, 
and  Carboniferous  strata  of  Europe.  Mr.  Lonsdale 
remarks,  that  all  these  fossils  have  undoubtedly  a 
Palaeozoic  character,  and  that  probably  they  correspond 
in  age  to  a.  division  of  the  system  above  the  Silurian 
formations. 

The  strata  containing  these  remains  are  singular 
from  the  extreme  variability  of  their  mineralogical 
composition.  Every  intermediate  form  is  present, 
between  flinty-slate,  clay-slate  passing  into  gray-wacke, 
pure  limestone,  sandstone,  and  porcellanic  rock;  and 
some  of  the  beds  can  only  be  described  as  composed 
of  a  siliceo-calcareo-clayslate.  The  formation,  as  far 
as  I  could  judge,  is  at  least  a  thousand  feet  in  thick- 
ness :  the  upper  few  hundred  feet  usually  consist  of  a 
siliceous  sandstone,  containing  pebbles  and  no  organic 
remains ;  the  inferior  strata,  of  which  a  pale  flinty  slate 
is  perhaps  the  most  abundant,  are  the  most  variable ; 
and  these  chiefly  abound  with  the  remains.  Between 
two  beds  of  hard  crystalline  limestone,  near  Newtown, 
a  layer  of  white  soft  calcareous  matter  is  quarried,  aud 
is  used  for  whitewashing  houses.  From  information 
given  to  me  by  Mr.  Frankland,  the  Surveyor-General, 
it  appears  that  this  PalsBozoic  formation  is  found  in 
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different  parts  of  the  whole  island;  from  the  same 
authority,  I  may  add,  that  on  the  north-eastern  coast  and 
in  Bass'  Straits  primary  rocks  extensively  occur. 

The  shores  of  Storm  Bay  are  skirted,  to  the  height 
of  a  few  hundred  feet,  by  strata  of  sandstone,  contain- 
ing pebbles  of  the  formation  just  described,  with  its 
characteristic  fossils,  and  therefore  belonging  to  a  sub- 
sequent age.  These  strata  of  sandstone  oflen  pass  into 
shale,  and  alternate  with  layers  of  impure  coal ;  they 
have  in  many  places  been  violently  disturbed.  Near 
Hobart  Town,  I  observed  one  dike,  nearly  a  hundred 
yards  in  width,  on  one  side  of  which  the  strata  were 
tilted  at  an  angle  of  60°,  and  on  the  other  they  were 
in  some  parts  vertical,  and  had  been  altered  by  the 
effects  of  the  heat.  On  the  west  side  of  Storm  Bay,  I 
found  these  strata  capped  by  streams  of  basaltic  lava 
with  olivine ;  and  close  by  there  was  a  mass  of  brecci- 
ated  scoriaD,  containing  pebbles  of  lava,  which  probably 
marks  the  place  of  an  ancient  submarine  crater.  Two 
of  these  streams  of  basalt  were  separated  from  each 
other  by  a  layer  of  argillaceous  wacke,  which  could  be 
traced  passing  into  partially  altered  scoriaB.  The 
wacke  contained  numerous  rounded  grains  of  a  soft, 
grass-green  mineral,  with  a  waxy  lustre,  and  translu- 
cent on  its  edges :  under  the  blowpipe  it  instantly 
blackened,  and  the  points  fused  into  a  strongly  magnetic, 
black  enamel.  In  these  characters,  it  resembles  those 
masses  of  decomposed  olivine,  described  at  St.  Jago  in 
the  Cape  de  Verde  group ;  and  I  should  have  thought 
that  it  had  thus  originated,  had  I  not  found  a  similar 
substance,  in  cylindrical  threads,  within  the  cells  of  the 
vesicular  basalt, — a  state  under  which  olivine  never 
appears  ;  this  substance,*  I  believe,  would  be  classed  as 
bole  by  mineralogists. 

*  ChlorophaBite,  described  \(j  Dr.  HaoCnUoch  (*  Western  Islands/ 
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Travertin    with    extinct    "plants, — Beliind    Hobart 
Town  there  is  a  small  quarry  of  a  hard  travertin,  the 
lower  strata  of  which  abound  with  distinct  impressions 
of  leaves.      Mr.  Robert  Brown  had   the  kindness  to 
look  at  my  specimens,  and  he  informed  me  that  there 
are  four  or  five  kinds,  none  of  which  he  recognises  as 
belonging  to  existing  species.     The  most  remarkable 
leaf  is  palmate,  like  that  of  a  fan-palm,  and  no  plant 
having  leaves  of  this  structure  has  hitherto  been  dis- 
covered in  Van  Diemen's  Land.      The  other  leaves  do 
not  resemble  the  most  usual  form  of  the  Eucalyptus, 
(of  which  tribe  the  existing  forests  are  chiefly  com- 
posed,) nor  do  they  resemble  that  class  of  exceptions  to 
the  common  form  of  the  leaves  of  the  Eucalyptus,  which 
occur  in  this  island.      The  travertin  containing  this 
remnant  of  a  lost  vegetation,  is  of  a  pale  yellow  colour, 
hard,  and  in  parts  even  crystalline ;  but  not  compact, 
and  is   everywhere   penetrated    by   minute,   tortuous, 
cylindrical  pores.      It  contains  a  very  few  pebbles  of 
quartz,  and  occasionally  layers  of  chalcedonic  nodules, 
like  those  of  chert  in  our  Greensand.     From  the  pure- 
ness  of  this  calcareous  rock,  it  has  been  searched  for  in 
other  places,   but  has  never  been  found.     From  this 
circumstance,  and  from  the  character  of  the  deposit,  it 
was  probably  formed  by  a  calcareous  spring  entering  a 
small   pool  or  naiTOW  creek.     The  strata  have  subse- 
quently been  tilted  and  fissured ;  and  the  surface  has 
been  covered  by  a  singular  mass,  with  which,  also,  a 
large  fissure  has  been  filled  up,  formed  of  balls  of  trap 
embedded  in  a  mixture  of  wacke  and  a  white,  earthy, 
alumino-calcareous  substance.     Hence  it  would  appear, 

vol.  i.  p.  604) as occnrring  in  a  basaltic  amygdaloid,  differs  from  this 
substance,  in  remaining  anchanged  before  the  blowpipe,  and  in 
blackening  from  exposure  to  the  air.  May  we  suppose  that  oliyine, 
in  undergoing  the  remarkable  change  described  at  St.  Jago,  passes 
through  several  states  \ 
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as  if  a  volcanic  eruption  had  taken  place  on  the  borders 
of  the  pool,. in  which  the  calcareous  matter  was  deposit- 
ing, and  had  broken  it  up  and  drained  it. 

Elevation  of  the  land. — Both  the  eastern  and 
western  shores  of  the  bay,  in  the  neighbourhood  of 
Hobart  Town,  are  in  most  parts  covered  to  the  height 
of  thirty  feet  above  the  level  of  high-water  mark,  with 
broken  shells,  mingled  with  pebbles.  The  colonists 
attribute  these  shells  to  the  aborigines  having  carried 
them  up  for  food :  undoubtedly,  there  are  many  large 
mounds,  as  was  pointed  out  to  me  by  Mr.  Frankland, 
which  have  been  thus  formed;  but  I  think  from  the 
numbers  of  the  shells,  from  their  frequent  small  size, 
from  the  manner  in  which  they  are  thinly  scattered, 
and  from  some  appearances  in  the  form  of  the  land, 
that  we  must  attribute  the  presence  of  the  greater 
number  to  a  small  elevation  of  the  land.  On  the  shore 
of  Ralph  Bay  (opening  into  Storm  Bay)  I  observed  a 
continuous  beach  about  fifteen  feet  above  high-water 
mark,  clothed  with  vegetation,  and  by  digging  into  it, 
pebbles  encrusted  with  Serpulae  were  found  :  along  the 
banks,  also,  of  the  river  Derwent,  I  found  a  bed  of 
broken  sea  shells  above  the  surface  of  the  river,  and  at 
a  point  where  the  water  is  now  much  too  fresh  for  sea- 
shells  to  live ;  but  in  both  these  cases,  it  is  just  possible, 
that  before  certain  spits  of  sand  and  banks  of  mud  in 
Storm  Bay  were  accumulated,  the  tides  might  have 
risen  to  the  height  where  we  now  find  the  shells.* 

>  It  would  appcir  that  some  changes  are  now  in  progress  in  Ralph 
Bay,  for  I  was  assured  by  an  inelligent  farmer,  that  oysters  were 
formerly  abundant  in  it,  but  that  about  the  year  1834  they  had,  with- 
out any  apparent  cause,  disappeared.  In  the  '  Transactions  of  the 
ilaryUnd  Academy*  (vol.  i.  part  i.  p.  28),  there  is  an  account  by  Mr, 
D"catel,  of  vast  be<ls  of  oysters  and  clams  having  been  destroyed  by 
the  gradual  filling  upof  the  shallow  lag<  )ons  and  channels,  on  the  shores 
of  the  southern  United  States.  At  Chiloe,  in  South  America,  1  beard 
of  a  tfimilar  loss,  sustainrd  bv  the  inhabitants,  in  the  disappearance 
from  one  part  of  the  coast  of  an  edible  species  of  Ascidia. 
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Evidence  more  or  less  distinct  of  a  change  of  level 
between  the  land  and  water,  has  been  detected  on 
almost  all  the  land  on  this  side  of  the  globe.  Gapt. 
Grey,  and  other  travellers,  have  found  in  southern 
Australia  upraised  shells,  belonging  either  to  the  recent, 
or  to  a  late  tertiary  period.  The  French  naturalists 
in  Baudin's  expedition,  found  shells  similarly  circum- 
stanced on  the  S.W.  coast  of  Australia.  The  Rev.  W.  B. 
Clarke  *  finds  proofs  of  the  elevation  of  the  land,  to  the 
amount  of  400  feet,  at  the  Cape  of  Good  Hope.  In  the 
neighbourhood  of  the  Bay  of  Islands  in  New  Zealand,* 
I  observed  that  the  shores  were  scattered  to  some  height, 
as  at  Van  Diemen's  Land,  with  sea-shells,  which  the 
colonists  attribute  to  the  natives.  Whatever  may  have 
been  the  origin  of  these  shells,  I  cannot  doubt,  after 
having  seen  a  section  of  the  valley  of  the  Thames  River 
(37°  S.),  drawn  by  the  Rev.  W.  Williams,  that  the  land 
has  been  there  elevated  :  on  the  opposite  sides  of  this 
great  valley,  three  step-like  terraces,  composed  of  an 
enormous  accumulation  of  rounded  pebbles,  exactly 
correspond  with  each  other :  the  escarpment  of  each 
terrace  is  about  fifty  feet  in  height.  No  one  after 
having  examined  the  terraces  in  the  valleys  on  the 

'  *  Proceedings  of  the  Geological  Society,'  vol.  iii.  p.  420. 

'  I  will  here  give  a  catalogue  of  the  rocks  which  1  met  with  near 
^Jie  Bay  of  Islands,  in  New  Zealand : — 1st,  Much  hasaltic  lava,  and 
Rcoriform  rocks,  forming  distinct  craters ; — 2nd,  A  castellated  hill  of 
horizontal  strata  of  flesh-coloured  limestone,  showing  when  fractured 
distinct  crystalline  facets :  the  rain  has  acted  on  this  rock  in  a 
remarkahle  manner,  corroding  its  surface  into  a  miniature  model  of 
an  Alpine  country :  I  observed  here  layers  of  chert  and  clay  iron- 
stone ;  and  in  the  bed  of  a  stream,  pebbles  of  clay-slate; — 3rd,  The 
shores  of  the  Bay  of  Islands  are  formed  of  a  feldspathio  rock,  of  a 
bluish-gray  colour,  often  much  decomposed,  with  an  ang^ilnr  frac- 
ture, and  crossed  by  numerous  ferruginous  seams,  but  without  any 
distinct  stratification  or  cleavage.  Some  varieties  are  highly 
crystuUine,  and  would  at  once  be  pronounced  to  be  trap ;  others 
strikingly  resembled  clay-slate,  slightly  altered  by  heat :  I  was  un« 
able  to  form  any  decided  opinion  on  this  formation. 
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wf'Btem  shores  of  South  America,  which  are  strewed 
with  Bea-shellg,  and  have  been  formed  daring  intervals 
of  rest  in  the  slow  elevation  of  the  land,  coald  doabt 
that  the  New  Zealand  terraces  have  been  similariy 
formed,  I  may  add,  that  Dr.  Dieffenbach,  in  his  de- 
scription of  the  Chatham  Islands,*  (S.W.  of  New  Zealand) 
states  that  it  is  manifest  '  that  the  sea  has  lefl  many 
places  bare  which  were  once  covered  by  its  waters.* 

King  George^ 8  Sound. 

This  settlement  is  situated  at  the  south-western 
angle. of  the  Australian  continent:  the  whole  country 
is  gmnitic,  with  the  constituent  minerals  sometimes 
obscurely  arranged  in  straight  or  curved  laminae.  In 
those  cases,  the  rock  would  be  called  by  Humboldt, 
gneiss-granite,  and  it  is  remarkable  that  the  form  of 
the  bare  conical  hills,  appearing  to  be  composed  of 
great  folding  layers,  strikingly  resembles,  on  a  small 
scale,  those  composed  of  gneiss-granite  at  Rio  de  Janeiro, 
and  those  described  by  Humboldt  at  Venezuela.  These 
plutonic  rocks  are,  in  many  places,  intersected  by  trap- 
pean-dikes ;  in  one  place,  I  found  ten  parallel  dikes 
ranging  in  an  E.  and  W.  line  ;  and  not  far  off  another 
set  of  eight  dikes,  composed  of  a  different  variety  of 
trap,  ranging  at  right  angles  to  the  former  ones.  I 
have  observed  in  several  primary  districts,  the  occur- 
rence of  systems  of  dikes  parallel  and  close  to  each  other. 

Superficial  ferruginous  beds. — Tlie  lower  parts  of 
the  country  are  everywhere  covered  by  a  bed,  following 
the  inequalities  of  the  surface,  of  a  honeycombed  sand- 
stone, abounding  with  oxides  of  iron.  Beds  of  nearly 
similar  composition  are  common,  I  believe,  along  the 
whole  western  coast  of  Australia,  and  on  many  of  the 

I  *  Qci'grai^Moal  Journal,*  voL  xi.  pp.  202,  205. 
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East  Indian  islands.  At  the  Cape  of  Good  Hope,  at 
the  base  of  the  mountains  formed  of  granite  and  capped 
with  sandstone,  the  ground  is  everywhere  coated  either 
by  a  fine-grained,  rubbly,  ochraceous  mass,  like  that  at 
King  Greorge's  Sound,  or  by  a  coarser  sandstone  with 
fragments  of  quartz,  and  rendered  hard  and  heavy  by 
an  abundance  of  the  hydrate  of  iron,  which  presents, 
when  freshly  broken,  a  metallic  lustre.  Both  these 
varieties  have  a  very  irregular  texture,  including  spaces 
either  rounded  or  angular,  full  of  loose  sand;  from 
this  cause  the  surface  is  always  honey-combed.  The 
oxide  of  iron  is  most  abundant  on  the  edges  of  the 
cavities,  where  alone  it  affords  a  metallic  fracture.  In 
these  formations,  as  well  as  in  many  true  sedimentary 
deposits,  it  is  evident  that  iron  tends  to  become  aggre- 
gated, either  in  the  form  of  a  shell,  or  of  a  network. 
The  origin  of  these  superficial  beds,  though  sufficiently 
obscure,  seems  to  be  due  to  alluvial  action  on  detritus 
abounding  with  iron. 

Superficial  calcaremis  deposit — ^A  calcareous  de- 
posit on  the  summit  of  Bald  Head,  containing  branched 
bodies,  supposed  by  some  authors  to  have  been  corals,  has 
been  celebrated  by  the  descriptions  of  many  distinguished 
voyagers.*  It  folds  round  and  conceals  irregular  hum- 
mocks of  granite,  at  the  height  of  600  feet  above  the 
level  of  the  sea.  It  varies  much  in  thickness ;  where 
stratified,  the  beds  are  often  inclined  at  high  angles, 
even  as  much  as  at  80  degrees,  and  they  dip  in  all 
directions.  These  beds  are  sometimes  crossed  by 
oblique  and  even-sided  laminaa.  The  deposit  consists 
either  of  a  fine,  white,  calcareous  powder,  in  which  not 
a  trace  of  structure  can  be  discovered,  or  of  exceedingly 
minute,  rounded  grains,  of  brown,  yellowish,  and  pur- 

I  yisited  this  hill,  in  company  with  Captain  FitxRoy,  and  we 
eame  to  a  similar  conclusion  regarding  these  bzanohing  bodies. 
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plish  colours;  both  varieties  being  generally,  but  not 
always,  mixed  with  small  particles  of  qnartz,  and  being 
cemented  into  a  more  or  less  perfect  stone.  The  roande  I 
calcareous  grains,  when  heated  in  a  slight  degree,  in« 
stantly  lose  their  colours;  in  this  and  in  every  other 
respect,  closely  resembling  those  minute,  equal-sizeJ 
particles  of  shells  and  corals,  which  at  St.  Helena  have 
been  drifted  up  the  sides  of  the  mountains,  and  have 
thus  been  winnowed  of  all  coarser  fragments.  I  cannot 
doubt,  that  the  coloured  calcareous  particles  here  have 
had  a  similar  origin.  The  impalpable  powder  has 
probably  been  derived  from  the  decay  of  the  rounded 
particles;  this  certainly  is  possible,  for  on  the  coast  of 
Peru,  I  have  traced  Icurqe  unhrol'en  shells  gradually 
falling  into  a  substance  as  fine  as  powdered  chalk. 
Both  of  the  above-mentioned  varieties  of  calcareous 
sandstone  frequently  alternate  with,  and  blend  into, 
thin  layers  of  a  hard  substalagmitic  *  rock,  which,  even 

'  I  adopt  this  term  from  Lieut.  Nelson's  excellent  x>aper  on  the 
Bermuda  Islands  (*  Geoloj^.  Trans.'  vol.  v.  p.  lOG),  for  the  hard,  com- 
pact, cream-  or  brown-coloured  stone,  without  any  crystalline  struc* 
ture,  which  so  often  accompanies  superficial  calcareous  accumulations. 
I  have  observed  such  superficial  beds,  coated  with  substalagmiiio 
rock,  at  the  Cape  of  Good  Hofxj,  in  several  parts  of  Chile,  and  over 
wide  spaces  in  La  Plata  and  Patagonia.  Some  of  these  beds  have 
been  formed  from  decayed  shells,  but  the  origin  of  the  greater 
number  is  sufficiently  obscure.  The  causes  which  determine  water 
to  dissolve  lime,  and  then  soon  to  redeposit  it,  are  not,  I  think,  known. 
The  surface  of  the  substalagmitic  layers  appears  always  to  be 
corroded  by  the  rain-water.  As  all  the  above-mentioned  countries 
have  a  long  dry  season,  compared  with  the  rainy  one,  I  should  have 
thought  that  the  presence  of  the'  substalagmite  was  connected  with 
the  climate,  had  not  Lieut.  Nelson  found  this  substance  forming 
under  sea- water.  Disintegrated  shell  seems  to  be  extremely  soluble ; 
of  which  I  found  good  evidence,  in  a  curious  rock  at  Coquimbo  in 
Chile,  which  consisted  of  small,  pellucid,  empty  husks,  cemented 
together.  A  series  of  specimens  clearly  showed  that  these  husks 
had  originally  contained  small  rounded  particles  of  shells,  which  hnd 
been  enveloped  and  cemented  together  by  calcareous  matter  (as 
of  ten  happens  on  sea- beaches),  and  which  subsequently  had  decayed, 
and  been  dissolved  by  water,  that  must  have  penetrated  through' the 
calcareous  husks,  without  corroding  them, — of  which  processes,  every 
stage  could  be  seon. 
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when  the  stone  on  each  side  contains  particles  of  quartz, 
is  entirely  free  from  them :  hence  we  must  suppose  that 
these  layers,  as  well  as  certain  vein-like  masses,  have 
been  formed  by  rain  dissolving  the  calcareous  matter 
and  re-precipitating  it,  as  has  happened  at  St.  Helena. 
Each  layer  probably  marks  a  fresh  surface,  when  the, 
now  firmly  cemented,  particles  existed  as  loose  sand. 
These  layers  are  sometimes  brecciated  and  re-cemented, 
as  if  they  had  been  broken  by  the  slipping  of  the  sand 
when  soft.  I  did  not  find  a  single  fragment  of  a  sea- 
shell  ;  but  bleached  shells  of  the  KeWx  melo^  an  existing 
land  species,  abound  in  all  the  strata ;  and  I  likewise 
found  another  Helix,  and  the  case  of  an  Oniscus. 

The  branches  are  absolutely  undistinguishable  in 
shape  from  the  broken  and  upright  stumps  of  a  thicket ; 
their  roots  are  often  uncovered,  and  are  seen  to  diverge 
on  all  sides;  here  and  there  a  branch  lies  prostrate. 
The  branches  generally  consist  of  the  sandstone,  rather 
firmer  than  the  surrounding  matter,  with  the  centra 
parts  filled,  either  with  friable  calcareous  matter,  or 
with  a  substalagmitic  variety ;  this  central  part  is  also 
frequently  penetrated  by  linear  crevices,  sometimes, 
though  rarely,  containing  a  trace  of  woody  matter. 
These  calcareous,  branching  bodies,  appear  to  have 
been  formed  by  fine  calcareous  matter  being  washed 
into  the  casts  or  cavities,  left  by  the  decay  of  branches 
and  roots  of  thickets,  buried  under  drifted  sand.  The 
whole  surface  of  the  hill  is  now  undergoing  disintegra- 
tion, and  hence  the  casts,  which  are  compact  and  hard, 
are  left  projecting.  In  calcareous  sand  at  the  Cape  of 
Grood  Hope,  I  found  the  casts,  described  by  Abel,  quite 
similar  to  these  at  Bald  Head ;  but  their  centres  are 
often  filled  with  black  carbonaceous  matter,  not  vet 
removed.  It  is  not  surprising,  that  the  woody  matter 
should  have  been  almost  entirely  removed  from  the 
12 
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casts  on  Bald  Head ;  for  it  is  certain,  that  many  cen- 
turies mast  have  elapsed  since  the  thickets  were  buried ; 
at  present,  owing  to  the  form  and  height  of  the  narrow 
promontory,  no  sand  is  drifted  up,  and  the  whole  sur- 
face, as  I  have  remarked,  is  wearing  away.  We  must, 
therefore,  look  back  to  a  period  when  the  land  stood 
lower,  of  which  the  French  naturalists  ^  found  evidence 
in  upraised  shells  of  recent  species,  for  the  drifting  on 
Bald  Head  of  the  calcareous  and  quartzose  sand,  and 
the  consequent  embedment  of  the  vegetable  remains. 
There  was  only  one  appearance  which  at  first  made  me 
doubt  concerning  the  origin  of  the  cast,— namely,  that 
the  finer  roots  from  difierent  stems  sometimes  became 
united  together  into  upright  plates  or  veins ;  but  when 
the  manner  is  borne  in  mind  in  which  fine  roots  oft^en 
fill  up  cracks  in  hard  earth,  and  that  these  roots  would 
decay  and  leave  hollows,  as  well  as  the  stems,  there  is 
no  real  difficulty  in  this  case.  Besides  the  calcareous 
branches  firom  the  Cape  of  Good  Hope,  ^  I  have  seen 
casts,  of  exactly  the  same  forms,  irom  Madeira'  and 

>  See  M.  P6ron*8  *  Voyage/  torn.  i.  p.  204. 

«  Dr.  J.  Macaulay  has  fully  described  (*  Edinb.  New  Phil.  Joam.' 
vol.  xxix.  p.  350)  the  casts  from  Madeira.  He  considers  (differently 
from  Mr.  Smith  of  Jordan  Hill)  these  bodies  to  be  corals,  and  the  cal- 
careous deposit  to  be  of  subaqneons  origin.  His  arguments  chiefly 
rest  (for  Ms  remarks  on  their  structure  are  vague)  on  the  great 
quantity  of  the  calcareous  matter,  and  on  the  casts  containing  animal 
matter,  as  shown  by  their  evolving  ammonia.  Had  Dr.  Macaulay 
seen  the  enormous  masses  of  rolled  particles  of  shells  and  corals  on 
the  beach  of  Ascension,  and  especially  on  coral*reefs ;  and  had  he 
reflected  on  the  effects  of  long-continued,  gentle  winds,  in  drifting 
up  the  finer  particles,  he  would  hardly  have  advanced  the  argument 
of  quantity,  which  is  seldom  trustworthy  in  geology.  If  the  calca- 
reous matter  has  originated  from  disintegrated  shells  and  corals,  the 
presence  of  animal  matter  is  what  might  have  been  expected.  Mr. 
Anderson  analyzed  for  Dr.  Macaulay  part  of  a  cast,  and  he  found  it 
composed  of — 

Carbonate  of  lime        ...••.    73*15 

SUica 11-90 

Phosphate  of  lime        ......      8*81 

Animal  matter .      4*26 

Sulphate  of  lime         •«••.•»  trace 

88*li 
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from  Bermuda ;  at  this  latter  place,  the  surrounding 
calcareous  rocks,  judging  from  the  specimens  collected 
by  Lieut.  Nelson,  are  likewise  similar,  as  is  their  sub- 
aerial  formation.  Reflecting  on  the  stratification  of 
the  deposit  on  Bald  Head, — on  the  irregularly  alter- 
nating layers  of  substalagmitic  rock,— on  the  uniformly 
sized,  and  rounded  particles,  apparently  of  sea  shells 
and  corals, — on  the  abundance  of  land-shells  throughout 
the  mass, — and  finally,  on  the  absolute  resemblance  of 
the  calcareous  casts,  to  the  stumps,  roots,  and  branches 
of  that  kind  of  vegetation,  which  would  grow  on  sand- 
hillocks,  I  think  there  can  be  no  reasonable  doubt, 
notwithstanding  the  different  opinion  of  some  authors, 
that  a  true  view  of  their  origin  has  been  here  given. 

Calcareous  deposits,  like  these  of  King  George's 
Sound,  are  of  vast  extent  on  the  Australian  shores. 
Dr.  Fitton  remarks,  that  *  recent  calcareous  breccia  (by 
which  term  all  these  deposits  are  included)  was  found 
during  Baudin's  voyage,  over  a  space  of  no  less  than 
25  degrees  of  latitude  and  an  equal  extent  of  longitude, 
on  the  southern,  western,  and  north-western  coasts.  '^ 
It  appears  also  from  M.  P6ron,  with  whose  observations 
and  opinions  on  the  origin  of  the  calcareous  matter  and 
branching  casts  mine  entirely  accord,  that  the  deposit 
is  generally  much  more  continuous  than  near  King 
George's  Sound.  At  Swan  River,  Archdeacon  Scott  ^ 
states  that  in  one  part  it  extends  ten  miles  inland. 
Captain  Wickham,  moreover,  informs  me  that  during 
his  late  survey  of  the  western  coast,  the  bottom  of  the 

»  For  ample  details  on  this  formation,  consult  Dr.  Fitton's 
'Appendix  to  Capt.  Ring's  Voyage.*  Dr.  Fitton  is  inclined  to 
attribute  a  concret  ionary  origin  to  the  branching  bodies:  I  may 
remark,  that  I  have  seen  in  beds  of  sand  in  La  Plata  cylindrical 
•terns  which  no  doubt  thus  originated ;  but  they  differed  much  in 
appearance  from  these  at  Bald  Head,  and  the  other  places  above 
■pecitied. 

*  *  ProceediDgs  of  Geolog.  8oc.*  voL  i.  p.  320. 
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Bea,  wherever  the  vessel  anchored,  was  ascertained  by 
crow-bars  being  let  down,  to  consist  of  white  calcareous 
matter.  Hence  it  seems  that  along  this  coast,  as  at 
Bermuda  and  at  Keeling  Atoll,  submarine  and  sub- 
aerinl  deposits  are  contemporaneously  in  process  of 
formation,  from  the  disintegration  of  marine  organic 
bodies.  The  extent  of  these  deposits,  considering  their 
origin,  is  very  striking ;  and  they  can  be  compared  in 
this  respect  only  with  the  great  coral-reefs  of  the  Indian 
and  Pacific  Oceans.  In  other  parts  of  the  world, 
for  instance  in  South  America,  there  are  superjimal 
calcareous  deposits  of  great  extent,  in  which  not  a  trace 
of  organic  structure  is  discoverable ;  these  observations 
would  lead  to  the  enquiry,  whether  such  deposits  may 
not,  also,  have  been  formed  from  disintegrated  sheila 
and  corals. 

Cape  of  Good  Hope, 

After  the  accounts  given  by  Barrow,  Carmichael, 
Basil  Hall,  and  W.  B.  Clarke  of  the  geology  of  this 
district,  I  shall  confine  myself  to  a  few  observations  on 
the  junction  of  the  three  principal  formations.  The 
fundamental  rock  is  granite,*  overlaid  by  clay-slate : 
the  latter  is  generally  hard,  and  glossy  from  containing 
minute  scales  of  mica ;  it  alternates  with,  and  passes 
into,  beds  of  slightly  crystalline,  feldspathic,  slaty  rock. 
This  clay-slate  is  remarkable  from  being  in  some  places 
(as  on  the  Lion  s  Rump)  decomposed,  even  to  the  depth 
of  twenty  feet,  into  a  pale-coloured,  sandstone-like  rock, 
which  has  been  mistaken,  I  believe,  by  some  observers, 

*  In  several  places  I  observed  in  the  gi^anite,  small  dark-coloured 
balls,  composed  of  minute  scales  of  black  mica  in  a  tough  basis.  In 
another  place,  I  found  crystals  of  black  schorl  nuliating  from  a 
common  centre.  Dr.  Andrew  Smith  foimd,  in  the  interior  part«  of 
the  country,  some  beautiful  specimens  of  granite,  with  silvery  mica 
radiating  or  rather  branching,  like  moss,  from  central  points.  At 
the  Geological  Society,  there  are  specimens  of  granite  wit  hcrystallised 
feldspar  branching  and  radiating  in  like  manner. 
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for  a  separate  formation.  I  was  guided  by  Dr.  Andrew 
Smith  to  a  fine  junction  at  Green  Point  between  the 
granite  and  clay-shite :  the  latter  at  the  distance  of  a 
.  quarter  of  a  mile  from  the  spot,  where  the  granite 
appears  on  the  beach  (though,  probably,  the  granite  is 
much  nearer  underground),  becomes  slightly  more  com- 
pact and  crystalline.  At  a  less  distance,  some  of  the 
beds  of  clay-slate  are  of  a  homogeneous  texture,  and 
obscurely  striped  with  different  zones  of  colour,  whilst 
others  are  obscurely  spotted.  Within  a  hundred  yards 
of  the  first  vein  of  granite,  the  clay-slate  consists  of 
several  varieties ;  some  compact  with  a  tinge  of  purple, 
others  glistening  with  numerous  minute  scales  of  mica 
and  imperfectly  crystallised  feldspar;  some  obscurely 
granular,  others  porphyritic  with  small,  elongated  spots  of 
a  soft  white  mineral,  which  being  easily  corroded,  gives 
to  this  variety  a  vesicular  appearance.  Close  to  the 
granite,  the  clay- slate  is  changed  into  a  dark-coloured, 
laminated  rock,  having  a  granular  fracture,  which  is 
due  to  imperfect  crystals  of  feldspar,  coated  by  minute, 
brilliant,  scales  of  mica. 

The  actual  junction  between  the  granitic  and  clay- 
slate  districts  extends  over  a  width  of  about  200  yards, 
and  consists  of  irregular  masses  and  of  numerous  dikes 
of  granite,  entangled  and  surrounded  by  the  clay-slate  : 
most  of  the  dikes  range  in  a  NW.  and  SE.  line, 
parallel  to  the  cleavage  of  the  slate.  As  we  leave  the 
junction,  thin  beds,  and  lastly,  mere  films  of  the  altered 
clay-slate  are  seen,  quit«  isolated,  as  if  floating,  in  the 
coarsely-crystallised  granite;  but  although  completely 
detached,  they  all  retain  traces  of  the  uniform  NW. 
and  SE.  cleavage.  This  fact  has  been  observed  in 
other  similar  cases,  and  has  been  advanced  by  some 
eminent  geologists,^  as  a  great  difficulty  on  the  ordinary 

■  See  M.  Keilban's  *  Theoxy  on  Granite/  translated  in  the  *  Edin* 
burgh  New  Philosophical  Journal,'  voL  xziv.  p.  402. 
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theory,  of  granite  having  been  injected  whilst  liquefied ; 
but  if  we  reflect  on  the  probable  state  of  the  lower 
surface  of  a  laminated  mass,  like  clay-slate,  after  having 
been  violently  arched  by  a  body  of  molten  granite,  we 
may  conclude  that  it  would  be  full  of  fissures  parallel 
to  the  planes  of  cleavage;  and  that  these  would  be 
filled  with  granite,  so  that  wherever  the  fissures  were 
close  to  each  other,  mere  parting  layers  or  wedges  of 
the  slate  would  depend  into  the  granite.  Should, 
therefore,  the  whole  body  of  rock  afterwards  become 
worn  down  and  denuded,  the  lower  ends  of  these  de- 
pendent masses  or  wedges  of  slate  would  be  left  quite 
isolated  in  the  granite ;  yet  they  would  retain  their 
proper  lines  of  cleavage,  from  having  been  united, 
whilst  the  granite  was  fluid,  with  a  continuous  covering 
of  clay-slate. 

Following,  in  company  with  Dr.  A.  Smith,  the  line 
of  junction  between  the  granite  and  the  slate,  as  it 
stretched  inland,  in  a  SE.  direction,  we  came  to  a 
place,  where  the  slate  was  converted  into  a  fine-grained, 
perfectly  characterised  gneiss,  composed  of  yellowish- 
brown  granular  feldspar,  of  abundant  black  brilliant 
mica,  and  of  few  and  thin  laminae  of  quartz.  From 
the  abundance  of  the  mica  in  this  gneiss,  compared 
with  the  small  quantity  and  excessively  minute  scales, 
in  which  it  exists  in  the  glossy  clay-slate,  we  must 
conclude,  that  it  has  been  here  formed  by  the  meta- 
morphic  action — a  circumstance  doubted,  under  nearly 
similar  circumstances,  by  some  authors.  The  laminsB 
of  the  clay-slate  are  straight ;  and  it  was  interesting  to 
observe,  that  as  they  assumed  the  character  of  gneiss, 
they  became  undulatory  with  some  of  the  smaller 
flexures  angular,  like  the  laminae  of  many  true  meta- 
Diorphic  schists. 

Saridstone  formation, — ^This  formation    makes   the 
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most  imposing  feature  in  the  geology  of  Southern 
Africa.  The  strata  are  in  many  parts  horizontal,  and 
attain  a  thickness  of  about  2,000  feet.  The  sandstone 
varies  in  character ;  it  contains  little  earthy  matter, 
but  is  often  stained  with  iron ;  some  of  the  beds  are 
very  fine-grained  and  quite  white  ;  othera  are  as  com- 
pact and  homogeneous  as  quartz  rock.  In  some  places 
I  observed  a  breccia  of  quartz,  with  the  fragments 
almost  dissolved  in  a  siliceous  paste.  Broad  veins  of 
quartz,  often  including  lai'ge  and  perfect  crystals,  are 
very  numerous;  and  it  is  evident  in  nearly  all  the 
strata,  that  silica  has  been  deposited  from  solution  in 
remarkable  quantity.  Many  of  the  varieties  of  quartzite 
appeared  quite  like  metamorphic  rocks ;  but  from  the 
upper  strata  being  as  siliceous  as  the  lower,  and  from  the 
undisturbed  junctions  with  the  granite,  which  in  many 
places  can  be  examined,  I  can  hardly  believe  that  these 
sandstone-strata  have  been  exposed  to  heat.^  On  the 
lines  of  junction  between  these  two  great  formations,  I 
found  in  several  places  the  granite  decayed  to  the 
depth  of  a  few  inches,  and  succeeded,  either  by  a  thin 
layer  of  ferruginous  shale,  or  by  four  or  five  inches  in 
thickness  of  the  re-cemented  crystals  of  the  granite,  on 
which  the  great  pile  of  sandstone  immediately  rested. 

Mr.  Schomburgk  has  described  ^  a  great  sandstone 
formation  in  northern  Brazil,  resting  on  granite,  and 
resembling  to  a  remarkable  degree,  in  composition  and 
in  the  external  form  of  the  land,  this  formation  of  the 
Cape  of  Good  Hope.  The  sandstones  of  the  great  plat- 
forms of  Eastern  Australia,  which  also  rest  on  granite, 
differ  in   containing  more    earthy   and   less   siliceous 

'  The  Bev.  W.  B.  Clarke,  however,  statrs,  to  my  surprise 
(*  Geolog.  Proceedir  gs,'  vol.  iii.  p.  422),  that  the  sandstone  in  some 
parts  is  penetrated  by  granitic  dikes :  such  dikes  must  belong  to  an 
epoch  altogether  subsequent  to  that  when  the  molten  granite  acted 
on  the  clay-slate. 

3  *  Geographical  Journal,*  voL  z.  p.  246. 
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matter.  No  fossil  remains  have  been  discovered  in 
these  three  vast  deposits.  Finally,  I  may  add  that  I 
did  not  see  any  boulders  of  far- transported  rocks  at 
the  Cape  of  Good  Hope,  or  on  the  eastern  and  western 
shores  of  Australia,  or  at  Van  Dieraen*s  Land.  In  the 
northern  island  of  New  Zealand,  I  noticed  some  large 
blocks  of  greenstone,  but  whether  their  parent  rock  was 
far  distant,  I  had  no  opportunity  of  determining. 
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DESCRIPTION  OF  FOSSIL  SHELL& 
By  O.  B.  SOWERBY,  Esq.,  F.L.B. 


Shells  from  a  Tertiary  deposit,  beneath  a  great  basaltio 
stream,  at  St.  Jago  in  the  Cape  de  Verde  Archipelago^ 
referred  to  at  p.  6  of  this  volume. 

1.  LiXTORiWA  PLAKAXIB.     O.  Sowerby. 

Testd  suhovatdf  crassdy  Utvigatd,  anfractihua  quatuor,  spiralithr 
sfriatis;  aperturd  subovatd :  labio  columellnri  iri/fntdque  parte 
anfractus  ultimi  planatis :  long,  0*6,  lot,  0*45,  poll. 

In  stature  and  nearly  in  form  this  resembles  a  small  periwinkle ; 
it  difliETs,  however,  very  materially  in  having  the  lower  part  of  the 
last  volution,  and  the  columellarlip  a«<  it  were  cut  off  and  tiattened, 
as  in  the  Purpurae.  A  monf^  the  recent  shells  from  the  samo  locality, 
is  one  which  greatly  resembles  this,  and  which  may  be  identical,  but 
which  is  a  very  young  shell,  and  cannot  therefore  be  strictly  com- 
pared. 

2.  CEBiTHnTH  JsmjLim.     O,  Sowerby, 

Testd  oblongo-turritdf  subventricosd,  apice  subulato,  an/racitbus 
decern  leviter  sptraliUr  sti'tatia^  pHtnis  srrie  unicd  tuberculorum 
tTutnicitSf  tntermediis  irregularithr  obsolete  tuhercviiferiSf  ultimo 
longi  m(^or%  absque  tuherculU^  tulcis  duobus  ferh  hasalibua  in- 
itructo ;  labii  extemi  margine  vntemo  intus  crenulato :  long,  1*8, 
lat.  07 fpoU, 

This  species  resembles  so  nearly  one  of  the  shells  brought  to- 
gether bjr  Lamarck,  under  the  name  of  Cerithium  Vertagus,  that  at 
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first  tiglit  I  thoiifrht  it  nii^ht  be  identical  with  it ;  it  may  be  easily 
di!>tii)gui?h»;d,  howevTi  by  its  bi-iDg  destitute  of  the  fold  iu  the 
centre  of  the  coluinella  so  conspicuous  in  those  fihells.  There  is 
only  one  specimen,  which  has  unfortunately  lost  the  lower  part  of 
the  outer  lip,  so  that  it  is  impossible  to  de<;cribe  the  form  of  the 
Aperture. 

8.  Venus  sihulaits.     O.  Sowerby. 

Tcstd  rofuttdatdf  ventrifytsdf  kivtusaildj  crnssd;  eottis  obtuaiSf 
laliusculiSj  coneeniririSf  anfid  posticeque  tuberculatim  solutis; 
ared  cardimili  poAticd  altera  valwB  lati'usculd;  impressume 
subumbonali  posited  circulari:  long.  1*8,  aU»  1*8,  lat.  1*5, 
poll, 

A  shell  which  is  intermediate  in  its  characters,  taking'  its 
place  between  the  Venus  verrucosa  of  the  British  Channel  ana  the 
V,  rosnlina  of  Rang  of  the  western  coast  of  Africa,  but  sufficiently 
distiiigiiished  from  both  by  its  broad,  obtuse,  cc»ncentric  ribs,  which 
are  divided  into  tubercles  both  before  and  l)ehind.  It  is  also  of  a 
more  circular  form  than  either  of  those  species. 

The  following  Shells,  from  the  same  bed,  as  far  as  they  can 
be  distinguished,  are  known  to  be  recent  species  : — 

4.  PUBPURA   FUCUB. 

5.  A3iPUIDE8MA   AX78TBALE.      SoWCrby. 

6.  CONUS  VENULATUS.     Lom. 

7.  F18SURELLA  COARCTATA.    King, 

8.  Pekxa — two  odd  valves,  but  in  such  condition  that  it  can- 
not be  identified. 

9.   OSTREA  C0RNT7C0PIJC      Lom, 

10.  Arca  ovata.    Lam. 

11.  Patella  nigrita.    Budgin. 

12.  TURRITELLA   BICiyGULATA  ?      Lom, 

13.  Strom  BUS — too  much  worn  and  mutilated  to  be  identified. 

14.  HiPPONYX  BADIATA.     Gray, 

15.  Natica  ubeb.      Valenciennes. 

10.  Pecten,  which  in  form  resembles  opercularis,  but  which  is 
distinguishable  by  several  characters.  There  is  only  a  single  valvei 
wherefore  I  cannot  consider  myself  warranted  to  describe  it. 

17.  Pupa  subdiaphaka.    King, 

18.  Tboouus — indeterminable. 
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EXTINCT  LAND-SHELLS  FROM  ST.  HELENA. 

The  following  six  species  were  found  associated  together,  at 
the  bottom  of  a  thick  bed  of  mould;  the  last  two  species 
namely,  the  Cochiogena/ossilis  and  Helix  hipUcata  were 
found,  together  with  a  species  of  Succinea  now  living  on 
the  Island,  in  a  very  modem  calcareous  sandstone. 
These  Shells  are  referred  to  at  p.  101  of  this  volume. 

1.   COCHLOGRNA   AUMS-VITLPWA.      De  FcT, 

This  species  is  well  described  and  figured  in  Martini  and  Chem- 
nitz's eleveoth  volume.  Chemnits  expresses  doubts  as  to  what 
genus  it  might  properly  be  refericd,  and  also  a  strong  opiuion  un- 
fai'ourable  to  the  conclusion  that  it  should  be  regarded  as  a  land- 
shell.  His  specimens  were  bought  at  a  public  auction  in  Hamburg, 
having  been  sent  there  by  the  late  G  Humphrey,  who  appears 
to  have  been  very  well  acquainted  with  their  real  lo(^ty,and  who 
sold  them  for  land-shells.  Chemnitz,  however,  mentions  one  speci- 
men in  Spengler's  collection,  in  a  fresher  condition  than  his  own, 
and  which  was  said  to  be  from  China.  The  representation  which  he 
has  given  is  taken  from  this  individual, and  appears  to  me  to  have 
been  only  a  cleaned  specimen  of  the  St.  Helena  shf»ll.  It  is  easy  to 
suppose  that  a  shell  from  St.  Helena  might  have  been  either  acci- 
dentally or  interestedly,  after  passing  through  two  or  three  hands, 
sold  as  a  Chinese  shell.  I  think  it  is  not  possible  that  a  shell  of 
this  species  could  have  been  really  found  in  China;  and  among  the 
immense  quantities  of  shells  that  come  to  this  country  from  the 
Cele.«*tial  Empire,  I  have  never  seen  one.  Chemnitz  could  not  bring 
himself  to  e^^tablish  a  new  genus  for  the  reception  of  i  his  remarkable 
shell,  though  be  evidently  could  not  collate  it  with  any  of  the  then 
known  genera,  and  though  ho  did  not  think  it  a  land-shell,  he  has 
called  it  Avris-vulpina.  Lamarck  has  placed  it  as  the  second 
species  of  his  genus  Strut hiolaria^  under  the  name  of  crenulofa. 
To  this  genus  it  does  not  however  bear  any  affinity ;  and  there  cuu 
be  no  doubt  about  the  correctness  of  De  Ferupsac's  views,  who 
places  it  in  the  fourth  division  of  his  sub-genus  Cochlogeva :  and 
Lamarck  would  have  been  correct,  according  to  his  own  principles, 
if  he  had  placed  it  with  his  AuriculcB.  A  variety  of  this  species 
occurs,  wliich  may  be  characterised  as  follows : — 

COCHLOGENA  ATJBI8-VT7LPINA,  VOT, 

Testd  8ubpt/ramidalif  aperturd  brevioriy  labio  tenttiori:  long,  I'CS, 

apertura  070,  lat.  0*87, polL 

Obs. — ^The  proportions  of  this  differ  fronj  those  of  the  usurl 
variety,  which  are  as  follows: — Length  1*65;  of  the  aperture  1*, 
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width  0*90  inch.  It  ia  worthy  of  observ.itii)n,  that  all  the  shells 
of  this  variety  came  from  a  ditierent  part  of  the  ibland,  from  the 
foregoing  specimens. 

2.  CocHLOGENA  F0S8ILIB.     Q.  Sotcerhy, 

Teetd  ohlongd,  crassitisculdf  S}nrd  aubacuminafd,  obtusd^  anfraciibus 
senis,  auhventi-icosiSf  leviter  $tri(itis,  siUurd  profundi  impressd ; 
aperturd suhovatd  ;  perif remote  continuo,  subtncrasgato  ;  tanbilico 
paroo :  long,  08,  lat,  0*37, poll. 

This  species  is  of  the  stature  of  C.  Guadaloupensis^  but  may 
easily  be  distinguished  by  the  form  of  the  volutions  and  the  deeply- 
marked  suture.  The  si)ecimen8  vary  a  little  in  their  proportions. 
This  species  was  not  ootained  by  Mr.  Darwin,  but  itf  urom  tbe 
collection  of  the  Geological  Society. 

1.  OocHLicoPA  8T7BPLICATA.     O,  Sowerhy, 

Testd  oUoiiffdj  8ubacumi7iafo-pt/rnmtdnlij  apice  ohtusOf  anfrfuMus 
novem  Irpulbus^  postic'^  siibjdicnfiftf  sutiird  crenulntd  ;  apcrturd 
ovatd,  postkb  acutd,  lahio  extemo  tenni;  coUnnelld  obsolete  aub- 
truiicatd ;  vmbilico  minimo :  long.  0*93,  lat.  028, poll. 

This  and  the  following  are  placed  with  De  Ferussac*6  sub-genus 
Gochlicopa,  because  they  are  most  nearly  related  to  his  Cochlicopa 
folliculns.  As  species  they  are,  however,  both  perfectly  distinct, 
bi'in^  much  larger,  and  not  shining  and  smooth  like  C,  folUciduSf 
which  is  found  in  the  south  of  Europe  and  at  Madeira.  Some  very 
young  shells  and  an  egg  were  found,  which  I  conjecture  to  belong 
to  this  species. 

2.  Cochlicopa  terebelhtm.     O.  Sowerby, 

TeHd  oblongdyCi/lvidraceo-pyramidali,  apice  obtusitisctdOf  an/ractibus 
sept  ejus,  lofvibiut;  suturd  pontic^  crenvlatd;  aperturd  ovali, 
postwh  acutd,  Inbio  extemo  tenut\  antuk  decliiH;  columelld 
obsolete  iruncatd,  umbilieo  minimo:  long,  0*77,  lot,  0*25, 
poll. 

This  species  differs  from  the  Inst  in  being  more  cylindrical,  and 
in  btMng  nearly  free,  when  full  grown,  from  the  obtuse  folds  of  thfl 
posterior  volutions,  as  well  as  in  the  form  of  the  aperture.  The 
young  shells  of  this  species  are  longitudinally  striated,  and  they 
have  some  very  obsolete  longitudinal  folds. 

1.  Helix  bilamellata.     O,  Sowerby, 

Testd  orbictUatO'dspressd,  spird  pland,  an/ractibus  seniSf  ultimo 
subtitt  veatricoso,  superni  angulari ;  wnbilico  parvo;  aperturd 
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9emilufunrin  tttpemk  ext^  angvlatd,  lahio  exUnio  tenui:  iutrrno 
pUdM  duabuM  spirtdibus,  posticd  majori:  lovg,  0*15,  lot.  0*^. 
poll 

The  yonng  shells  of  this  epecies  have  very  difforent  proportions 
from  those  marked  above,  their  axis  being  nearly  aa  great  as  their 
width.  The  largest  specimen  is  white,  with  irregular  ferruginous 
rays.  This  is  very  different  from  any  known  recent  species,  although 
there  are  several  to  which  it  appears  to  have  some  analog^^  such  as 
Helix  efn*fylium  or  Cookiana^  and  H,  ffularis :  in  both  of  these, 
however,  the  internal  spiral  plaits  are  placed  within  the  outer  wall 
of  the  shell,  and  not  upon  the  inner  lamina,  as  in  Heliv  hilamfilata. 
There  is  another  recent  species,  which  is  somewhat  analogous  to 
this;  it  is  as  yet  nndescribed,  and  differs  from  this  and  from 
Cbokianay  in  the  circumstance  of  its  possessing  four  internal  spiral 
plaits,  two  of  which  are  placed  within  the  outer,  and  two  upon 
the  inner  wall  of  the  diell ;  it  was  brought  from  Tahiti,  in  the 
Beagle. 

2.  Helix  poltopon.    Q,  Sowerhy, 

Testd  orbieulato-siibdepressd,  anfracfibus  sex,  rotundafis,  gfrintift ; 
aperfurd  SHnilimariy  labio  intemo  plicis  trtbus  spiralihus^  posticis 
gradatim  mafortbtis,  extemo  intus  denfibus  quinqu^  instructo ; 
umbilico  tnediocri:  hng.  0*07,  lat,  0'15,  poll. 

This  is  somewhat  related  to  Helix  ccntorta  of  De  Ferussac, 
^MoU.  terr.  et  fluv.'  Tab.  61  A,  f.  2;  but  differs  from  it  in  several 
particulaiB. 

8.  Helix  bptjbca.     O.  Sowerby. 

Testd  suborbictdarif  spird  subconoided,  ohtusd ;  anfraciibus  quatnor 
tumidiSf  substriaiis ;  nperturd  magna ^peritremate  tenui;  umbilico 
parvo,  pro/undo :  long.  0*1,  lat.  6'IS,  poll. 

Easily  distinguished  from  Helix  polyodon^  by  its  wide,  toothless 
aperture. 

4.  Helix  biplicata.     O.  Sowerby. 

Tegtd  orbiculato-depressd,  anfractibvs  quinque  rotundatis,  striatis : 
apertnrd  sentilunariy  Inbio  inferno  plicis  duabiisspirnlihus,  posficd 
mafori:  umbilico  mayno:  long.  004, lat.  01,  fwll. 

This  must  be  regarded  as  perfectly  distinct  from  Helix  hilamellata, 
on  account  of  its  form  ;  its  umbilicus  is  much  larger,  its  spire  is  not 
flat,  nor  is  the  posterior  edge  of  each  volution  angular.  There  are 
specimens,  which  must  be  referred  to  this  species,  found  wi>h  the 
foregoing  species,  and  with  the  Cochlogena  fossilis,  which  lattiT  ii 
associated  with  a  living  Succinea,  in  the  modem  calcareous  sand- 
stone. 
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PALAEOZOIC  SHELLS  FROM  VAN  DIEMENS  LAND, 

BEFEBBBD  TO  AT  P.   155  OF  THIS  Y0LT7MB. 
1.  PBOPrCTA  BX7eATA« 

This  is  probably  the  same  species  with  that  named  Producta 
rvgata  by  Pnillips  (*  Geology  of  Yorkshire/  part  ii.  plate  vii.  f.  16^ : 
it  is,  however;  in  too  impeifect  a  condition  to  allow  me  to  decide 
positively. 

2.  Producta  bbaohtth^btts.    O,  Sowerby. 

Producta^  Testd  subtrapeziformi,  compressdf  parte  anticd  iatiori,  wb' 
bilobdf  posited  angustiorif  lined  cardinali  brevi. 

The  most  remarkable  characters  of  this  species  are  the  shortness 
of  the  hin^e-line,  and  the  comparative  width  of  the  anterior  part: 
its  outside  is  ornamented  with  small,  blunt  tubercles,  irregularly 
placed :  it  is  in  limestone,  of  the  ordinary  grey  colour  of  mountain 
limestone.  Another  specimen  which  I  suppose  to  be  an  impression 
of  the  inside  of  the  flat  valve,  is  in  stone,  of  a  light  rusty-brown 
colour.  There  is  a  third  specimen,  which  I  believe  to  be  the  im* 
pression  of  the  inside  of  the  deeper  valve,  in  a  nearly  similar  stonoi 
accompanied  by  other  shells. 

1.  Spibipera  8T7BSADIATA.     O.  Sowerby, 

Spirifera,  Testd  lavisstmd,  parte  mediand  latd,  radiis  lateraltbui 
utriusque  lateris  paucis,  inconspicuis. 

The  breadth  of  this  shell  is  rather  greater  than  its  length.  The 
rays  of  the  lateral  surfaces  are  very  few  and  indistinct^  and  the 
medial  lobe  is  uncommonly  large  and  wide. 


3.  Spibipeba  B0TT7in)ATA  P     Phillips's  *  Oeology  qf  Yorkshire/ 

pi.  ix.  f.  17. 

Although  this  shell  is  not  exactly  like  the  figure  above  referred 
to,  it  would  perhaps  be  impossible  to  find  any  good  distinguishing 
character.  Our  specimen  is  much  distorted ;  it  is,  moreover,  an 
example  of  that  sort  of  accidental  variation  that  shows  how  little 
dependence,  ought,  in  some  instances,  to  be  placed  upon  particular 
characters ;  for  the  radiating  ribs  of  one  side  of  one  valve  are  much 
more  numerous  and  closer  than  those  on  the  other  side  of  the  same 
valve. 
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8.  Sfibifera.  TBiLF£ZOiDA.LiB.     O,  Sotctrhy, 

Spirifera,  Testd  guhtetragcnd^  medinnd  parte  profunddf  radiit  non- 
nuUiSf  stUnnronspicuis ;  radiU  lateralibus  utriusque  laterxt  aeptem 
ad  octo  distmctts:  long,  1*5,  lot.  2',poiL 

There  are  two  specimeiis  of  this,  in  a  dark,  rusty,  gray  limestone, 
probably  bitominoua. 

Spirifbra  TRiPEZoiDALiB,  voT.  P     O.  Soxcerhy. 

Spirifera,  Testd  radiis  later tdibuatripartitim  divisiStUnetBinerefnenti 
antiquatis,  cateroquin  omninb  ad  Spiriferam  trapexoidalem 
timillimd. 

At  first  I  hesitated  to  unite  this  to  Spirifera  trapezoidalis,  bat 
observing  that  at  the  commencemeDt  the  radiating  ribs  were  simple, 
and  knowing  that  these  are  subject  to  variations,!  have  thought  it 
best  merely  to  distinguish  this  specimen  as  a  variety. 

There  are  several  other,  probably  distinct,  species  of  Spiriferae, 
but  as  these  are  only  casts,  it  is  obviously  impossible  to  give  the 
external  characters  of  the  species.  Since,  however,  they  are  very 
remarkable,  I  have  thought  it  advisable  to  give  a  name,  together 
with  A  short  description  of  each. 

4.  Sfibifeba  PAUdCOBTATA.     O,  SoxDcrhy, 

Length  equal  to  about  two-thirds  of  its  breadth ;  ribs  few  and 
Tariable. 

5.  Spibifeba  Vbspebtilio.    Q,  Sotoerby, 

Breadth  more  than  double  its  length,  radiating  ribs  rather  lar^, 
distinct,  and  not  numerous ;  posterior  inner  surface  covered  with 
distinct  punctulations  in  both  valves. 

6.  Spibifeha  avictjla.     O.  Sotoerby, 

The  proportions  of  this  species  are  very  remarkable,  inasmuch 
as  it  appears  to  have  been  nearly  three  times  as  wide  as  it  is  long ; 
the  radiating  ribs  are  not  verv  numerous,  and  the  internal  posterior 
furface  of  one  valve  alone  (the  large  valve)  has  been  punctulated. 
In  its  proportions  it  resembles  Phillips's  Spirifera  convolitia,  but  as 
our  Sp.  avicttia  is  only  a  cast  of  the  inside,  its  proportions  are  not 
ao  abnormal  as  those  of  Sp.  convoluta} 

A  spedmen,  which  is  very  much  pressed  out  of  its  natural  shape, 
but  which  still  appears  to  differ  somewhat  in  its  proportions,  shows 
not  only  the  cast  of  the  inside,  but  also  the  impression  of  the  out- 
side ;  its  radiating  ribs  are  very  irregular,  and  numerous,  but  it 
must  be  regarded  as  doubtful  whether  some  of  them  be  not  principal 
and  others  only  interstitial :  their  irregularity  renders  it  impossible 
to  decide. 

1  'Geology  of  Yorkshire,'  part  ii.  plate  ix.  f.  7. 
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DESCRIPTION  OF  SIX  SPECIES  OF  CORALS, 
FROM  THE  PALAEOZOIC  FORMATION  OF 
VAN   DIEMEN^S  LAND. 

By  W.  LONSDALE,  Eso.,  F.G.a 


1.  StENOPORA  TASMAinENBISy  Sp.  IL^ 

Branched  J  branches  cylindrical,  variously  inclined  or  contorted; 
tubes  more  or  less  divergent;  mouths  oval,  divisional  ridges 
strongly  tuberculated ;  indications  of  successive  narrowing  m 
each  tube,  1 — 2. 

This  coral,  in  its  general  mode  of  growth,  resembles  CaUrmopora 
(Stenopora  ?)  tmnida,  (Mr.  Phillips,  '  Geol.  of  Yorkshire,*  part  ii, 

SI.  1,  fig.  62),  but  in  the  form  of  the  mouth  and  other  structural 
etails  the  differences  are  very  great.  Stenopora  Tasnumiensis 
attains  coneiderable  dimensions,  one  specimen  being  4^  inches  in 
length  and  half  an  inch  in  diameter. 

The  branches  have  indiTiduallv  great  uniformity  in  their  circum- 
ference,  but  they  differ  with  respect  to  each  other  in  the  same  speci- 
men, and  there  is  no  definite  method  of  subdivision  or  direction 
of  growth.  The  extremities  are  occasionally  hollow ;  and  one 
specimen,  about  1^  inch  in  length,  and  half  an  inch  in  breadth,  is 
crushed  completely  flat.  The  tubes,  in  the  best  exposed  cases,  have 
coosiderable  length,  springing  almost  solely  from  the  axis  of  the 
branch,  and  diverging  very  gently  till  they  nearly  re»ch  the  circum- 
ference, where  they  bend  outwards.  In  the  body  of  the  branch 
the  tubes  are  angular  from  lateral  interference ;  but,  on  approaching 
the  outer  surface,  they  become  oval  in  consequence  of^the  inter- 
spaces prod  uced  by  the  greater  di ver^nce.  Their  diameter  is  very 
uniform  throughout,  with  the  exception  of  the  narrowings  near  the 
terminations  of  the  full-grown  tubes.    The  walls  in  the  interior  of 

'  Though  the  characters  of  this  genns  are  unpublished,  it  has  been 
thought  advisable  not  to  give  them  fuUy  in  this  notice,  a  very  few 
species  only  having  been  examined.  The  coral  is  essentially  com- 
posed of  simple  tubes,  variously  aggregated  and  radiating  outwards. 
The  month  is  round  or  oblong,  and  surrounded  by  projecting  walls, 
having  along  the  crest  a  row  of  tubercles.  The  mouth  originally 
oval  is  gradually  narrowed  (artvds)  by  a  band  projecting  from  the 
inner  wall  of  the  tube,  and  is  finally  closed.  [Shortly  after  the  pub- 
lication of  the  first  edition,  Mr.  Lonsdale  informed  me  that  he 
believed  this  coral  ought  to  have  been  included  in  the  genus  Tbam* 
nopora  of  Steininger.j 
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the  branches  were  apparently  very  thin,  bat  there  is  a  relatively 
considerable  thickness  of  matter  at  the  ciicnmfeience.  No  traces 
of  transverse  diaphragms  have  been  noticed  within  the  tabes. 

Cases  illustrative  of  the  changes  to  maturity  and  final  oblitera- 
tion in  the  oval  termination  of  the  tubes  are  rare,  bat  the  following 
have  been  observed.  Where  the  mouth  becomes  free  and  oval,  the 
walls  are  thin  and  sharp,  and  perpendicular  within  the  tube.  In 
some  cases  they  are  in  contact ;  but,  in  others,  they  are  separated 
by  grooves  of  variable  dimensions,  in  which  very  minute  foramina 
or  pores  may  be  detected.  As  the  mouth  approaches  towards 
maturity,  the  grooves  are  more  or  less  filled  up,  and  the  walls 
thicken,  a  row  of  very  minute  tubercles  being  discoverable  along 
the  crest.  At  this  stage  the  inner  side  of  the  tube  ceases  to  m 
vertical,  being  lined  by  a  very  narrow  inclined  band.  The  mature 
mouths  are  separated  by  a  bold  ridge,  generally  simple,  but  not 
unfrequently  divided  by  a  groove ;  the  double  as  well  as  the  single 
ridge  being  surmounted  by  a  row  of  prominent  tubercles  almost 
in  contact  with  each  other.  Only  one  example  of  the  filling  up 
of  the  mouths  has  been  observed,  but  it  affords  satisfactory  evi- 
dence of  a  gradual  expansion  of  the  inner  band,  before  alluded  to, 
and  a  final  meeting  in  the  centre.  In  this  extreme  state,  there  is 
a  general  blending  of  details,  but  the  tubercles  are  for  the  most 
part  distinct. 

In  this  species,  proofs  of  a  narrowing  of  the  mouth  previously 
to  the  formation  of  the  perfect  tube,  and  the  final  contraction,  are 
not  very  prominently  exhibited  in  the  long  cylindrical  straight 
branches ;  but  near  the  point  where  the  tubes  bent  outwards  there 
is  an  annular  indentation,  which  may  be  traced  successively  from 
cast  to  cast  in  a  lineal  direction,  parallel  to  the  surface ;  and  be- 
tween the  prominent  narrowing  and  the  perfect  surface,  the  walls 
of  the  tubes  were  slightly  rugose.  In  another  short  branch,  be- 
lieved to  belong  to  this  species,  but  in  which  the  tubes  diverged 
outwards  very  rapidly,  the  narrowing  is  strongly  marked,  but  not 
to  an  equal  extent  throughout  the  specimen. 

The  matrix,  in  which  the  fossil  is  imbedded,  is  a  coarse  calca- 
reous shale,  or*a  gray  limestone ;  and  in  which  occur  also  Fenestella 
tntemata,  &c 

3.  Stekopoba.  ovata,  sp.  n. 

Branched^  branches  oval;  tubes  relatively  short,  divergence  great: 
mouths  round;  contractions  or  irregularities  qf  groiuth  nu» 
merous. 

The  characters  of  this  species  have  been  very  imperfectly  ascer-^ 
tained.  The  branches  are  not  uniformly  oval,  even  in  apparently 
the  same  fii^pnent.  The  tubes  diverged  rapidly  along  the  line  of 
the  major  axis,  and  had  bat  a  very  limited  vertical  growth.  Their 
casts  ^chibit  a  rapid  snccession  of  irregularities  of  development. 
The  mouths,  as  far  as  they  can  be  determined,  were  round  or 

18 
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Blightly  oval,  and  the  dividiog,  tuberculated  ridges  pharp ;  but  in 
consequence  of  the  outer  surtace  not  being  expired,  their  perfect 
characters,  and  the  changes  incidental  upon  growth,  could  not  be 
ascertained. 

The  coral  is  imbedded  in  a  dark  gray  limestone. 

1.  F£yEST£LLA  AXPIA,  Sp.  D* 

Cup-Shaped;  celluli/erous  surface  internal :  branches  dichotomous^ 
broad  J  fiaty  thin ;  meshes  oval ;  rotos  of  cells  numerous^  rarely 
limited  to  two,  alternate ;  transverse  connecting  processes  some-- 
times  cellular ;  inner  layer  of  non-cellular  surface  very  fibrous; 
e.1  temal  layer  very  granular,  non-fibrous ;  gemmuliferous  vesicle  f 
mnalL 

Some  of  the  casts  of  this  coral  have  a  general  resemblimce  to 
Fenestella  polyporati 
on  the 

there  is  no  agreement 
the  structure  of  that  species  as  given  in  PL  zxii.  fig.  8,  of  the 
same  work,  or  in  Mr.  Pnillips's  original  figures,  *  Geology  of  York- 
shire,*  part  ii.,  pi.  i.  figs.  19, 20.  A  genenu  resemblance  also  exists 
between  Fenestella  ampUi  and  a  coral  obtained  by  Mr.  Murchison 
from  the  carboniferous  limestone  of  Kossatchi  Datchi,  on  the  eastern 
flank  of  the  Ural  Mountains,  but  there  is  again  a  marked  difference 
in  structural  details. 

Fenestella  ampla  attained  considerable  dimensions,  fragments 
apparently  of  one  specimen  covering  an  area  of  4^  inches  by  8 
inches;  and  it  displays  considerable  massiveness  of  outline,  the 
branches  at  the  points  where  they  dichotomise  often  exceeding  the 
tenth  of  an  inch  in  breadth. 

In  the  general  aspect  of  the  coral  a  considerable  uniformity  pre- 
vails, but  the  branches  vary  in  breadth,  swelling  out  greatly  near  the 
bifurcations ;  nevertheless,  there  is  no  marked  mfierence  of  character 
between  the  base  and  the  upper  part  of  the  cup,  even  in  the  number 
of  the  rows  of  cells. 

In  the  best  state  of  the  cellular  surface,  which  has  been  noticed, 
the  mouths  of  the  cells  are  relatively  large,  round  or  oval,  and  are 
defined  by  a  slightly  raised  mar^n ;  and  an  undulating,  thread-like 
ridge  w^inds  between  them,  dividing  the  interspaces  mto  lozenge- 
shaped  areas.  The  rows  of  cells,  immediately  preceding  the  bifurca- 
tion, sometimes  amount  to  ten,  and  afler  the  separation  generally 
exceed  two.  The  mouths  of  the  lateral  rows  project  into  the 
meshes;  and  the  transverse  connecting  processes  are  sometimes 
cellular.  The  interspaces  between  the  mouths,  as  well  as  the  un* 
dulating  ridges,  are  granular,  or  very  minutely  tuberculated.  In- 
ternally, the  cells  exhibit  the  usual  oblique  arrangement,  overlaving 
each  other  and  terminating  abruptly  against  the  dorsal  part  oi  the 
branch.     The  perfect  casts  of  the  cellular  surface  give  tne  reverst 
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of  the  characters  just  noticed,  but  more  generally  the  impressions 
display  scarcely  a  trace  of  any  other  structure  than  longitudinal 
rows  of  circular  mouths. 

On  the  inner  layer  of  the  non-cellular  surface,  twenty  well- 
marked  parallel  fibres,  with  intermediate  narrow  CTOOves  or  corre- 
sponding casts,  may  sometimes  be  detected,  and  the  number  is 
always  considerable.  The  mode  of  preservation  did  not  permit  the 
true  nature  of  the  fibres  to  be  discovered,  but  in  consequence  of 
what  has  been  noticed  in  other  species,  it  is  inferred  that  they  are 
tubular.  Their  range  is  considerable,  but  in  the  specimen,  which 
exhibits  their  structure  most  fully,  they  are  frequently  cut  off  by 
circular  foramina.  Their  perfect  surface  is  minutely  granular. 
The  outer  layer,  or  back  of  the  branches,  is  composed  of  an  uniform 
crust  without  any  indications  of  fibres,  but  covered  with  numerous 
microscopic  papillae,  and  corresponding  pores  penetrating  the  sub- 
stance of  the  la^er. 

The  only  indications  of  gemmuliferous  vesicles,  are  small  circular 
pits  occasionallv  situated  over  the  mouth,  and  agreeing  in  position 
with  the  vesicles,  which  in  other  cellular  genera,  have  bc^n  con- 
sidered as  gepmidiferous.  In  the  Russian  specimen  before  alluded 
to,  casts  of  similar  pits  are  very  uniformly  distributed  between  the 
casts  of  the  mouths. 

The  vounffest  state  of  the  coral  has  not  been  noticed,  nor  have 
any  marned  changes  incident  upon  age,  except  the  graduid  thicken- 
ing of  the  non-cellular  surface,  by  the  coating  over  of  the  fibrous 
layer. 

The  matrix  of  the  specimens  is  a  dark  gray  splintery  or  an  earthy 
limestone. 

2.  FeNESTELIA  IKTEKyATA,  sp.  n. 

Cup-Bhaped;  ceUuliferous  turf  ace  internal:  branchoa  dichotomous, 
compressed,  breadth  variable;  meshes  oblong^  narrow:  roxos  of 
cells  2 — 5,  divided  by  longitudinal  ridges :  transverse  connecting 
processes  short  without  cells :  non-cellular  surface,  inner  layer, 
sharply  fibrous,  outer  layer  ^  minutely  granular, 

Bv  the  delicacy  of  its  structure,  this  species  is  easily  distinguish- 
able from  Fen,  ampla ;  and  in  the  rows  of  cells  varying  from  two 
to  five,  as  well  as  in  their  mode  of  development,  there  are  further 
well-marked  dififerences.  It  appears  to  have  attained  considerable 
dimensions,  fragments  having  been  noticed  an  inch  and  a-half  in 
length  and  an  inch  in  breadth. 

The  branches  vary  in  width,  swelling  cut  gradually  towards  the 
bifurcations,  but  without  any  alteration  in  the  form  or  size  of  the 
meshes;  and  as  for  as  the  state  of  the  specimens  will  permit  an 
opinion  to  be  formed,  no  marked  changes  occurred  during  the  deve- 
lopment of  the  cup,  except  one  about  to  be  noticed.  On  the  cellu- 
liferous  surface  of^the  branches,  considerable,  but  uniform,  altera* 
tiona  take  place  between  the  successive  bifurcations.    For  a  short 
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distance  above  the  point  of  ^i  paratioD,  the  branch  ia  narrow  and 
angular,  and  traversed  along  the  centre  by  a  ridge,  and  there  is  only 
one  row  of  cellular  mouths  on  each  side.  As  the  branch  grew,  the 
ridge  widened,  and  ultimately  became  celluliferous,  a  row  of  mouths 
springing  from  its  place  {intematd).  The  three  ranges  of  cellular 
openings  are,  in  this  state  of  the  branch,  separated  by  two  ridges, 
and  these,  as  the  development  advanced,  again  widened  and  became 
cellular,  the  five  rows  being  divided  by  four  ridges.  This  appears 
to  be  tbe  extreme  stage  of  growth,  another  bifurcation  taking  place 
immediately  after.  In  the  earliest  formed  part  of  the  cup  omy  two 
or  three  rows  of  mouths  prevail ;  and  where  the  number  is  greater, 
a  certain  amount  of  irregularity  in  the  linear  arrangement  is  percep- 
tible, resulting  from  the  lateral  expansion  of  the  oranch. 

In  the  best  preserved  specimens,  the  mouths  are  relatively  large, 
round  or  oval,  and  the  margin  is  slightly  raised.  In  the  middle 
rows  thev  are  parallel,  or  nearly  parauel,  and  in  the  direction  of  the 
axis  of  the  branch  ;  but  in  the  side  rows  tliey  are  often  obliquely 
placed ,  incli ning  towards  the  meshes.  In  these  nearly  perfect  speci- 
mens the  dividing  ridges  are  thread-like  and  slightly  waved,  but 
there  is  no  trace  of  the  lozenge-«haped  compartments  so  distinctly 
exhibited  in  FenesteUa  ampla.  The  interspaces  between  the  mouths 
are  flat  or  slightly  convex.  In  specimens  less  finely  preserved,  or 
deprived  of  the  original  surface,  the  mouths  are  not  nmform  in  out- 
line, and  have  no  projecting  manrin.  The  diverging  ridges  are  also 
relatively  broader ;  and  the  whole  surface,  incluaing  the  transverse 
connecting  processes,  is  granular  or  minutely  tuberculated. 

The  inner  layer  of  the  non-cellular  surface  is  sharply  fibrous,  and 
the  same  structure  may  be  more  or  less  clearly  det(H:ted  in  the 
transverse,  connecting  processes.  The  number  of  fibres  on  the 
branches  do  not  apparently  exceed  twelve,  and  they  are  in  general 
less  numerous.  Their  range  is  considerable,  additional  ones  being 
interpolated  as  the  branch  widens ;  and  their  surface  is  minutely 
tuberculated.  No  separate,  circular  foramina  were  noticed.  The 
outer  layer  is  uniformly  granular,  where  completed,  but  every  inter- 
mediate state  from  the  sharply  fibrous  may  ne  traced  on  the  same 
specimen. 

No  distinct  proofs  of  gemmuliferous  vesicles  have  been  observed, 
but  in  a  specimen,  which  is  believed  to  exhibit  impressions  of  this 
species,  tnere  are  occasionally  to  be  detected,  near  the  mouths, 
hemispherical  casts,  perfectly  rounded  on  the  surface,  and  evidently 
unconnected  immediately  with  the  interior  of  the  cells,  and  whicn 
it  is  presumed  mav  represent  those  vehicles.  Ftn^iteUa  inUmatM 
appears  to  be  an  aoundant  fossil,  one  slab  nearly  eight  inches  long 
and  six  wide,  being  covered  on  both  sides  with  fragments  of  i^ 
and  numerous  smaller  specimens  occur  in  the  collection.  The 
matrix  b  chiefly  a  coarse  gray  calcareous  shale,  but  it  is  sometimes 
a  splintery  limestone,  or  a  hard  ferruginous  or  light-coloured  day* 
stone. 
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S.  FeNESZBLIA  lOSSULA,  sp.  n. 

Cup-^kapedj  ceUui^ercuB  twrface  nUemal;   hranekei  diekotomous, 
slender:  meshe»  oval:  row$  qf  eellt^  two:  transverse  processes 
rum-cellular,  vmer  layer  of  uon^elluliferotts  surface  minutely 
Jibrous:  external  layer  smooth  or  granular, 

m 

In  eeseralaffipeet  and  Btractonl  details,  thi88[>ecie8  bean  a  great 
reflemUance  to  FenesteUaJkutracea  of  the  niagneman  limestone  of 
England  {Retepora  JUutraeea^  'GeoL  Tians.,  2nd  series,  vol.  iii 

EI.  xii.  £  8),  bat  it  differs  from  it  in  the  peculiar  character  ex- 
ibited  in  the  cast  of  the  celluliferous  surface,  the  nature  of  which 
will  be  given  in  noticing  that  sur&ce. 

The  principal  specimen  is  a  nearij  perfect  cup  1^  inch  in  height, 
and  about  two  inches  across  the  widest,  compressed  part.  There 
are  no  marked  yariations  of  character,  but  occasionally,  irre^« 
laritiee  of  growth,  due,  apparently,  to  accidents  during  progressive 
development. 

The  following  details  have  been  obtained  from  casts,  no  perfect 
stirfiu»  having  been  noticed. — ^The  branch^'S  had  great  uniformity  of 
dimensions,  sweUinsr  but  very  slighUy  at  the  distant  points  of  bifur- 
cation, and  their  thickness  was  apparently  nearly  equal  to  their 
breadUi.  The  cast  of  the  cellular  surface  is  traversed  along  the 
centre  by  a  sharp  narrow  trench  (fossula),  with  m  arly  vertical 
sides,  the  distinguishing  character  between  this  species  and  Fen, 
flustratea.  The  cylindrical  casts  of  the  mouths,  or  the  interior  of 
the  cells,  are  arranged  in  a  single  row  on  each  side  of  the  trench, 
and  no  increara  of  number  is  clearly  perceptible  at  the  bifurcations. 
Along  the  centre  of  the  trench  is  a  row  of  indentations  or  minute 
coni(^  pits,  a  character  noticeable  in  other  species,  particularly  in 
Fen.^ustraeea,  They  are  plainlt  not  casts  of  cellular  openings, 
but  of  relativdy  large  papillss.  Traces  of  such  projections  have 
also  been  noticed  in  several  other  instances. 

The  mouths  of  the  cells,  in  the  minute  fragment  which  has  been 
obtained  ezhilnting  them,  are  large,  round,  slightly  projecting,  and 
not  very  distant,  and  in  the  same  atom  is  an  imperfect  keel.  The 
remains  of  the  non-cellular  surface  exhibit  no  cbaractera  requiring 
notice,  bat  indications  of  a  striated  and  smooth  layer  have  been 
observed. 

The  two  specimens  which  afforded  these  structural  details  huvo 
1  matrix  of  dark-coloured,  hard  limestone. 

HkMITBTPA  BEXAKeVLA,  sp.  h. 

Net-work  Jine,  hexagonal:  meshes  round  m  dovhle  rows. 

The  coral  to  which  the  above  inefficient  charactera  are  applied, 
is  imbedded  in  the  shaly  surface  of  a  dark,  hard  limestone.    It  io 
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about  an  inch  in  breadth  and  half  an  inch  in  height,  and  consists  of 
two  layers  of  net-work^^ne  presenting  quadrangular  meahes,  and 
the  other  hexagonal,  with  a  round,  inner  area ;  and  over  a  consider- 
able part  of  the  specimen,  the  quadrangolar  net-work  has  been 
pemoved,  whereby  tne  connexion  of  the  two  structures  is  perfectly 
exposed. 

This  fosdl  is  believed  to  agree  completely  in  its  essential  generic 
characters  with  those  of  Hemitrypa  (*  Pal.  Foes.  Gomwali/  p.  27), 
but  its  state  of  preservation,  and  Mme  facilities  afforded  by  it  for 
determining  structural  details,  have  led  to  an  inference  respecting 
its  nature  somewhat  different  from  that  given  in  the  work  just 
quoted. 

The  inner  surface  of  Hemitrypa  oculata  {loc,  ctY.)  is  described  as 
'  marked  with  radiating  ridges,'  having  intervening  '  oval  depres- 
sions, which  penetrate  only  half  through  the  substance  of  the  coral, 
and  nowhere  reach  the  outer  sur£EU».  The  equivalent  portion  of 
the  Van  Diemen's  Land  specimen  agrees  perfectly  with  this  state- 
ment, except  in  the  form  of  the  meshes  or  depressions ;  it  is,  how- 
ever, not  merely  '  like  some  Fenestellse,'  but  it  possesses  all  the 
essential  characters  of  that  genus,  and  is  believed  to  be  a  fragment 
of  Fen,  fotiula,  Tbb  inference  is  drawn  from  a  minute  portion 
mechanically  detached,  and  which  exhibited  a  row  of  large,  round, 
projecting,  cellular  mouths.  The  external  surface  of  Hem  octdata 
IS  described  as  'wholly  covered  with  numerous  round  pores  or 
cells' — 'associated  in  double  rows,*  and  the  corresponding  portion 
of  Hem.  §exangula  has  been  ascertained  to  consist  also  of  a  similar 
surface  of  double  rows  of  round  meshes  or '  pores,'  but  with  hexa- 
gonal boundaries ;  and  they  are  shown,  as  exhibited  by  the  speci- 
men in  its  imbedded  state,  to  penetrate  to  the  surface  of  the  Fene- 
stella  or  quadrangular  net-work. 

These  details  are  conceived  to  be  sufficient  to  establish  a  generic 
agreement  between  the  Van  Diemen*s  Land  coral  and  Hemitrypa 
oculata ;  and  an  examination  of  an  Irish  specimen  of  that  genus 
has  fully  confirmed  the  structural  details  exliibited  in  the  'inner 
surface  of  the  specimen  to  which,  provisionaUy,  the  name  of  Hemi- 
trypa  sexangula  is  applied. 

Of  the  true  nature  of  the  'external'  net-work  no  opinion  is 
ventured.  It  is  formed  almost  entirely  of  dark  gray,  calcareous 
matter,  filling  apparently  an  originally  cellular  structure ;  but  there 
are  also  a  few  small  patches  of  the  outer  covering,  consistbg  of  an 
opaque  white  crust  on  the  surface,  which  was  originally  in  contact 
with  the  external  net- work.  That  it  was  a  parasite  little  doubt 
is  entertained ;  and  the  interesting  agreement  between  the  space 
occupied  by  the  double  row  of  meshes,  and  that  of  the  parallel 
branches  of  the  Fenestella,  arises  apparently  from  the  latter  having 
afforded  suitable  base  lines  for  attachment.  In  the  Van  Diemen's 
Land  specimen,  the  agreement  is  marked  by  an  increased  breadth  in 
the  net-work,  and  by  a  row  of  projecting  points.  There  is  also  a  k>- 
markable  agreement  between  Uie  arrangement  of  the  mouths  of  the 
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Fenestella  tnd  the  meshes  of  the  '  inner '  net-work.  Similar  con- 
formities are  admirably  shown  in  Mr.  Phillips^s  excellent  figares 
('  PaL  Foes/  pi.  xiii.  f.  3«). 

The  solid  portions  of  the  stmctnre  being  exceedingly  fine,  resem- 
bling the  thr^  of  the  most  delicate  lace,  attempts  to  discover  sati»- 
factorilj  internal  characters  proved  unsaocessful,  except  in  one  place, 
where  a  true  cellular  arrangement  was  believed  to  be  visible.^ 
Of  the  nature  of  the  investing  crust,  nothing  also  has  been  deter- 
mined. 

Though  the  name  Hemitr]ppa  may  be  objectionable,  as  applied 
to  the  corals  under  consideration,  it  has  been  thought  right  to  re- 
tain the  word^  until  the  full  characters  of  the  genus  shall  have 
been  ascertained. 


Falmouth,  January  1844. 


*  A  Codrington  lens,  half-an-inch  In  diameter,  was  Invariablj 
used  in  examining  the  corals  described  in  this  notice. 
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CHAPTER  Vni. 

'itt  THE  ELEVATION  OF  THE  EASTERN  COAST  OF  SOUTH 

AMERICA. 


_  '  8heUn»/ La  Plata — BahiaBlanoa,  Sand-dunes  and  Pumice' 

"jMNm — Step-formed  Plains  of  Patagonia,  with  upraised  Shells^ 
lanmee'bimnded  VdUey  cf  Sanita  Crm^  formerly  a  Sea-strait — Up* 
iJiJM  Shells  of  Tierra  del  Fuego^Length  and  breadth  of  the 
-4fmated  area — Equability  of  the  morements,  a*  sJuntm  by  the  similar 
jttjyjtff  of  the  plains — Slonmess  of  tlie  tlevatory  process— Mode  of 
Jkrmaiion  of  the  step-formed  plaitis — Summary — Great  Shingle 
JhrmaUan  of  Patagonia;  its  extentj  origin^  muI  distribution — 
efseoroliffs. 


^  tba  following  Part,  which  treats  of  the  geology  of 
iMb  America,  and  almost  exclusively  of  the  parts 
NMihward  of  the  Tropic  of  Capricorn,  I  have  arranged 
hs  chapters  according  to  the  age  of  the  deposits,  occa- 
(bnally  departing  from  this  order,  for  the  sake  of  geo- 
^iiqjliical  simplicity. 

The  elevation  of  the  land  within  the  recent  period, 
ud  fhe  modifications  of  its  surface  through  the  action 
If  fhe  sea  (to  which  subjects  I  paid  particular  attention) 
riU  be  first  discussed ;  I  will  then  pass  on  to  the  tertiary 
bpoBits,  and  afterwards  to  the  older  rocks.  Only  those 
tbtaricts  and  sections  will  be  described  in  detail  which 
i]qpear  tp  me  to  deserve  some  particular  attention ;  and 
[  will,  at  the  end  of  each  chapter,  give  a  summary  of 
lie  results.  We  will  commence  with  the  proofs  of  the 
q^eaval  of  the  eastern  coast  of  the  continent,  from 
lie  Bio  Plata  southward;   and,  in  the  next  chapter, 
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follow  np  the  same  subject  along  the  shores  of  Chile  and 
Pera. 

On  ihe  northern  bank  of  the  great  estnary  of  the 
Rio  Plata,  near  Maldonado,  I  fonnd  at  the  head  of  a 
lake,  sometimes  brackish  but  generally  containing  fresh 
water,  a  bed  of  muddy  clay,  six  feet  in  thickness,  with 
numerous  shells  of  species  still  existing  in  the  Plata, 
namely,  the  Azara  labiataj  d'Orbig.,  fragments  of 
Mytilus  eduUfrtrmiSj  d'Orbig.,  Paludestrina  Isabelleiy 
d'Orbig.,  and  the  Solen  CaribcBus,  Lam.,  which  last  was 
embedded  vertically  in  the  position  in  which  it  had 
lived.  These  shells  lie  at  the  height  of  only  two  feet 
above  the  lake,  nor  would  they  have  been  worth  mention- 
ing, except  in  connection  with  analogous  facts. 

At  Monte  Video,  I  noticed  near  the  town,  and  along 
the  base  of  the  mount,  beds  of  a  living  Mytilus,  raised 
some  feet  above  the  surface  of  the  Plata  :  in  a  similar 
bed,  at  a  height  from  thirteen  to  sixteen  feet,  M.  Isabelle 
collected  eight  species,  which,  according  to  M.  d'Or- 
bigny,*  now  live  at  the  mouth  of  the  estuary.  At 
Colonia  del  Sacramiento,  further  westward,  I  observed 
at  the  height  of  about  fifteen  feet  above  the  river,  there 
of  quite  fresh  water,  a  small  bed  of  the  same  Mytilus, 
which  lives  in  brackish  water  at  Monte  Video.  Near  the 
mouth  of  the  Uruguay,  and  for  at  least  thirty-five  miles 
northward,  there  are  at  intervals  large  sandy  tracts, 
extending  several  miles  from  the  banks  of  the  river, 
but  not  raised  much  above  its  level,  abounding  with 
small  bivalves,  which  occur  in  such  numbers  that  at 
the  Agraciado  they  are  sifted  and  burnt  for  lime. 
Those  which  I  examined  near  the  A.  S.  Juan  were  much 
worn :  they  consisted  of  Madra  Isahelloi^  d'Orbig., 
mingled   with  few  of  Venus  ainuosa^  Lam.,  both  in- 

*  'Voyage  dans  TAin^riqiie  M6ri(l.  •  Part.  G6olog.*  p.  21. 
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habiting,  as  I  am  iDformed  by  M.  d'Orbignj,  brackif^h 
water  at  the  moDtb  of  the  Plata,  nearly  or  quite  as  soXt 
as  the  open  Eea.  The  loose  sand,  in  which  tbe^e  sheila 
are  packed;  is  heaped  into  low,  straight,  long  lines  of 
dunes,  like  those  left  by  the  sea  at  the  head  of  many 
bays,  M.  d'Orbigny  bos  described  '  an  analogous  phe- 
nomenon on  a  greater  scale,  near  Son  Pedro  on  the 
river  Parana,  where  he  found  widely  extended  beds  and 
hillocks  of  sand,  with  vast  numbers  of  the  Azara 
.  labiata,  at  the  height  of  nearly  100  feet  (English) 
above  the  surface  of  that  river.  The  Azara  inhabits 
brackish  water,  and  is  not  known  to  be  found  nearer  to 
San  Pedro  than  Buenos  Ayres,  distant  above  100  miles 
in  a  straight  line.  Kearer  Buenos  Ayres,  on  the  road 
from  that  place  to  San  Isidro,  tlicre  are  extensive  beds, 
as  I  am  informed  by  Sir  Woodbine  Parish,*  of  the  Axara 
lahiala,  lying  at  about  forty  feet  above  the  level  of  the 
river,  and  distant  between  two  and  three  miles  from  it. 
These  sheila  are  always  found  on  the  highest  banks  in 
the  district :  they  are  embedded  in  a  stratified  eartty 
mass,  precisely  like  that  of  the  great  Pampean  deposit 
hereafter  to  be  described.  In  one  collection  of  these 
shells,  there  were  some  valves  of  the  Feitus  BinuosOf 
Lam.,  the  same  specie  fonnd  with  the  Mactra  on  the 
banks  of  the  Uruguay.  South  of  Buenos  Ayres,  near 
Ensenada,  there  are  other  beds  of  the  Azara,  some  of 
which  seem  to  have  been  embedded  in  yellowish,  cal- 
careons,  semi-crystalline  matter ;  and  Sir  W.  Parish 
has  given  me  from  the  banks  of  the  Arroyo  del  Tristan, 
situated  in  this  same  neighbourhood,  at  the  distance  of 
above  B  league  from  the  Plata,  a  specimen  of  a  pale- 
reddish,  calcareo-argillaceouB  stone  (precisely  like  parts 
of  the  Pampean  deposit,  the  importance  of  which  fact 
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will  be  referred  to  in  a  succeeding  chapter),  abounding 
with  shells  of  an  Azara,  much  worn,  but  which  in 
general  form  and  appearance  closely  resemble,  and  are 
probably  identical  with,  the  A,  labiata.  Besides  these 
shells,  cellular,  highly  crystalline  rock,  formed  of  the 
casts  of  small  bivalves,  is  found  near  Ensenada ;  and 
likewise  beds  of  sea-shells,  which  from  their  appearance 
appear  to  have  lain  on  the  surface.  Sir  W.  Parish  has 
given  me  some  of  these  shells,  and  M.  d'Orbigny  pro- 
nounces them  to  be. 


1.  Baccinanops    globulosum, 

d'Orbig. 
9.  Olivancillaria  aaricalaria, 

do. 


8.  Venus  flcznosa,  Lam. 
4.  C.vtherjca  (imperfect). 
6.  Mactra  Isabel  lei,  d'Orbig. 
6.  Ostrea  pulchella,  do. 


Besides  these,  Sir  W.  Parish  procured  *  (as  named 
by  Mr.  6.  B.  Sowerby)  the  following  shells  : — 


7.  Voluta  colocynthia. 

8.  V.         anguiata. 


I       9.  Baccinum  (not  spec.  T). 


All  these  species  (with,  perhaps,  the  exception  of 
the  last)  are  recent,  and  live  on  the  South  American 
coa«3t.  These  shell-beds  extend  from  one  league  to  six 
leagues  from  the  Plata,  and  must  lie  many  feet  above 
its  level.  I  heard,  also,  of  beds  of  shells  on  the  Som- 
borombon,  and  on  the  Rio  Salado,  at  which  latter 
place,  as  M.  d'Orbigny  informs  me,  the  Mactra  IsaheUei 
and  Veniis  sinuosa  are  found. 

During  the  elevation  of  the  Provinces  of  La  Plata, 
the  waters  of  the  ancient  estuary  have  but  little  affected 
(with  the  exception  of  the  sand-hills  on  the  banks  of 
the  Parana  and  Uruguay)  the  outline  of  the  land. 
M.  Parchappe,*  however,  has  described  groups  of  sand- 
dunes  scattered  over  the  wide  extent  of  the  Pampas 


•  •  Buenos  Ayres/  &c,,  by  Sir  W.  Parish,  p.  168. 

•  D'Orbigny 's  •  Voyage  G^log.'  p.  44. 
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southward  of  Buenos  Ayres,  which  M.  d'Orbigny  attri- 
butes with  much  probability  to  the  action  of  the  sea, 
before  the  plains  were  raised  above  its  level.* 

Southward  of  the  Plata. — ^The  coast  as  far  as  Bahia 
Blanca  (in  lat.  39°  S.)  is  formed  either  of  a  horizontal 
range  of  cliffs,  or  of  immense  accumulations  of  sand- 
dunes.  Within  Bahia  Blanca,  a  small  piece  of  table- 
land, about  twenty  feet  above  high-water  mark,  called 
Punt  a  Alta,  is  formed  of  strata  of  cemented  gravel  and 
of  red  earthy  mud,  abounding  with  shells  (with  others 
lying  loose  on  the  surface),  and  the  bones  of  extinct 
mammifers.  These  shells,  twenty  in  number,  together 
with  a  Balanus  and  two  corals,  are  all  recent  species, 
still  inhabiting  the  neighbouring  seas.  They  will  be 
enumerated  in  the  eleventh  Chapter,  when  describing 
the  Pampe^n  formation;  five  of  them  are  identical 
with  the  upraised  ones  from  near  Buenos  Ayres.  The 
northern  shore  of  Bahia  Blanca  is,  in  main  part,  formed 

*  Before  proceeding  to  the  districts  southward  of  La  Plata,  it  may 
be  worth  while  just  to  state,  that  there  is  some  evidence  that  the 
coast  of  Brazil  haspartici(>ated  in  a  small  amount  of  elevation.  Mr. 
Burchell  informs  me,  that  he  collected  at  Santos  (lat.  24^  S.)  oyster- 
shells,  apparently  recent,  some  miles  from  the  shore,  and  quite  above 
the  tidal  action.  Westward  of  Rio  de  Janeiro,  Capt.  Elliot  is  asserted 
(see  Harlan,  *  Med.  and  Phys.  Res.,'  p.  35,  and  Dr.  Meigs,  in  *  Trans. 
Amer.  PhiL  Soa*),  to  have  found  human  bones,  encrusted  with  sea- 
shells,  between  fifteen  and  twenty  feet  above  the  level  of  the  sea. 
Between  Bio  de  Janeiro  and  Cape  Frio  I  crossed  Eandy  tracts 
abounding  with  sea-shells,  at  the  distance  of  a  league  from  the  coast; 
but  whether  these  tracts  have  be^n  formed  by  upheaval,  or  through 
the  mere  accumulation  cf  drift  sand,  I  am  not  prepared  to  assert. 
At  Bahia  (lat  13°  S.)t  in  some  parts  near  the  coast,  there  are  traces 
of  sea-action  at  the  height  of  about  twenty  feet  above  its  present 
level ;  there  are  also,  in  many  parts,  renmants  of  beds  of  sandstone 
and  conglomerate  with  numerous  recent  shells,  raised  a  little  abo^  e 
the  sea-level.  I  may  add,  that  at  tlie  head  of  Bahia  bay  there  is  a 
formation,  about  forty  feet  in  thickness,  containing  tertiary  shells 
apparently  of  fresh- water  origin,  now  washed  by  the  sea  and  en- 
crusted with  Balani;  this  appears  to  indicate  a  small  amount  of 
subsidence  subsequent  to  its  deposition.  At  Pemambuco  (lat.  8° 
8.),  in  the  alluvial  or  tertiary  cliifs,  surrounding  the  low  land  on 
which  the  city  stands,  I  looked  in  vain  for  organic  remains,  or  other 
evidence  of  changes  in  leveL 
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of  immense  sand-danes,  resting  on  graTel  with  recent 
ebelli!,  and  ranging  in  lines  parallel  to  the  shore.  These 
ranges  are  separated  from  each  other  by  flat  spaces, 
composed  of  stiff  impure  red  cLiy,  in  which,  at  the 
distance  of  about  two  miles  from  the  coast,  I  found  by 
digging,  a  few  minute  fragments  of  sea-shells.     The 
sand-dunes  extend  sc^veral  miles  inland,  and  stand  on  a 
plain,  which  slopes  up  to  a  height  of  between  one  and 
two  hundred   feet.      Numerous,  small,  well    rounded 
pebbles  of  pumice  lie  scattered  both  on  the  plain  and 
sand-hillocks :  at  Monte  Hermoso,  on  the  flat  summit 
of  a  cliff,  I  found  many  of  them  at  a  height  of  120  feet 
(angular    measurement)   above   the   level   of  the  sea. 
These  pumice  pebbles,  no  doubt,  were  originally  brought 
down  from  the  Cordillera  by  the  rivers  which  cross  the 
continent,  in  the  same  way  as  the  river  Negro  anciently 
brought  down,  and  still  brings  down,  pumice,  and  as 
the  river  Chupat  brings  down  scori© :  when  once  de- 
livered at  the  mouth  of  a  river,  they  would  naturally 
have  travelled  along  the  coasts,  and  been  cast  up,  dur- 
ing the  elevation  of  the  land,  at  different  heights.     The 
origin   of  the  argillaceous  flats,   which    separate  the 
parallel  ranges  of  sand-dunes,  seems  due  to  the  tides 
here  having  a  tendency  (as  I  believe  they  have  on  most 
shoal-protected  coasts)  to  throw  up  a  bar  parallel  to 
the   shore,  and   at   some   distance   from  it;    this   bar 
gradually  becomes    larger,   affording    a  base  for  the 
accumulation  of   sand-dunes,   and  the  shallow  space 
within  then  becomes  silted  up  with  mud.     The  repe- 
tition of  this  process,  without  any  elevation  of  the  land, 
would  form  a  level  plain  traversed  by  parallel  lines  of 
sand-hillocks ;  during  a  slow  elevation  of  the  land,  the 
hillocks  would  rest  on  a  gently  inclined  surface,  like 
that  on  the  northern  shore  of  Bahia  Blanca.     I  did  not 
observe  any  shells  in  this  neighbourhood  at  a  greater 
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height  thaa  twenty  feet ;  and  tLeipfore  the  age  of  the 
Eea-drifted  pebbles  of  pumice,  now  gtanding  at  the  height 
of  120  feet,  mast  remain  Docertain. 

The  main  plain  Bmronnding  Bahia  Blanca  I  esti- 
mated at  from  200  to  300  feet;  it  insensibly  rises 
towards  the  distant  Sierra  Ventana.  There  are  in  this 
neighbourhood  some  other  and  loirer  plains,  but  they 
do  not  abot  one  at  the  foot  of  the  other,  in  the  manner 
hereafter  to  be  described,  go  characteristic  of  Patagonia. 
The  plain  oa  which  the  settlement  stands  is  crossed  by 
many  low  sand-dnnes,  abonnding  with  the  minute  shells 
of  the  Valvdesiriw},  aiistrnlU,  d  Orbig.,  which  now  lives 
in  the  bay.  This  low  plain  is  bounded  to  the  south, 
at  the  Gabeza  del  Bney,  by  the  cliff-formed  margin 
of  a  wide  plain  of  the  Pampean  formation,  which  I 
estimated  at  sist^-feet  in  height.  On  the  summit  of 
this  cliff  there  is  a  range  of  high  sand-duues  extending 
several  miles  in  an  east  and  west  line. 

Southward  of  Bahia  Blanca,  the  river  Colorado 
flows  between  two  plains,  apparently  from  thirty  to 
forty  feet  in  height.  Of  these  plains,  the  aonthern  one 
slopefl  np  to  the  foot  of  the  great  sandstone  plateau  of 
the  Rio  Negro ;  and  the  northern  one  against  an  escarp- 
ment of  the  Pampean  deposit ;  so  that  the  Colorad, 
flows  in  a  valley  fifty  miles  in  width,  between  the  upper 
escarpmenta.  I  state  this,  becanse  on  the  low  plain  at . 
the  foot  of  the  northern  escarpment,  I  crossed  an  im- 
mense accnntnlation  of  high  sand-dunes,  estimated  by 
the  Gauclioa  at  no  leas  than  eight  miles  in  breadth. 
These  dunes  range  westward  from  the  coast,  which  ia 
twenty  miles  distant,  to  far  inland,  in  lines  parallel  to 
the  valley  j  they  are  separated  from  each  other  by 
argUIaceona  fiats,  precisely  like  those  on  the  northern 
shore  of  Bahia  Blanca.  At  present  there  ia  no  source 
whence  tliis  immense  accnmnlation  of  sand  could  pro- 
14 
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ceed  ;  bat  if,  as  I  believe,  the  npper  escarpments  once 
formed  the  shores  of  an  estaary,  in  that  case  the  sand* 
ptone  formation  of  the  river  Negro  would  have  afforded 
an  inexhaustible  supply  of  sand,  which  would  naturally 
have  accumulated  on  the  northern  shore,  as  on  every 
part  of  the  coast  open  to  the  south  winds  between  Bahia 
Blanca  and  Buenos  Ayres. 

At  San  Bias  (40°  40'  S.),  a  little  south  of  the 
mouth  of  the  Colorado,  M.  d'Orbigny  *  found  fourteen 
species  of  existing  shells  (sue  of  them  identical  with 
those  from  Bahia  Blanca),  embedded  in  their  natural 
positions.  From  the  zone  of  depth  which  these  shells 
are  known  to  inhabit,  they  must  have  been  uplifted 
thirty-two  fet  t.  He  also  found,  at  from  fifteen  to 
twenty  feet  above  this  bed,  the  remains  of  an  ancient 
beach. 

Ten  miles  southward,  but  120  miles  to  the  west,  at 
Port  S.  Antonio,  the  OflScers  employed  on  the  Survey 
assured  me  that  they  saw  many  old  sea-shells  strewed 
on  the  surface  of  the  ground,  similar  to  those  found  on 
other  parts  of  the  coast  of  Patagonia.  At  San  Josef, 
ninety  miles  south  in  nearly  the  same  longitude,  I  found, 
above  the  gravel,  which  caps  an  old  tertiary  forma- 
tion, an  irregular  bed  and  hillocks  of  sand,  several  feet 
in  thickness,  abounding  with  shells  of  PcUella  deaurita^ 
Mytilua  MageUanieus,  the  latter  retaining  much  of  its 
colour ;  Fusiis  MageUanicuSy  (and  a  variety  of  the  same) 
and  a  large  Balanus  (probably  B.  Thdipa),  all  newfound 
on  this  coast :  I  estimated  this  bed  at  from  eighty  to 
one  hundred  feet  above  the  level  of  the  sea.  To  the 
westward  of  this  bay,  there  is  a  plain  estimated  at  be- 
tween 200  and  300  feet  in  height :  this  plain  seems, 
from  many  measurements,  t )  be  a  continuation  of  the 
sandstone   platform   of  the   river  Negro.      The   next 
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place  southward,  where  I  landed,  was  at  Port  Desire, 
340  miles  distant ;  but  from  the  intermediate  districts 
I  received,  through  the  kindness  of  the  Officers  of  the 
Survey,  especially  from  Lieut.  Stokes  and  Mr.  King, 
many  specimens  and  sketches,  quite  sufficient  to  show 
the  general  uniformity  of  the  whole  line  of  coast.  I 
may  here  state,  that  the  whole  of  Patagonia  consists  of 
a  tertiary  formation,  resting  on  and  sometimes  sur- 
rounding hills  of  porphyry  and  quartz :  the  surface  is 
worn  into  many  wide  valleys  and  into  level  step-formed 
plains,  rising  one  above  another,  all  capped  by  irregular 
beds  of  gravel,  chiefly  composed  of  porphyritic  rocks. 
This  gravel  formation  will  be  separately  described  at 
the  end  of  the  chapter. 

My  object  in  giving  the  following  measurements 
of  the  plains,  as  taken  by  the  Officers  of  the  Survey, 
is,  as  will  hereafter  be  seen,  to  show  the  remarkable 
equability  of  the  recent  elevatory  movements.  Round 
the  southern  parts  of  Nuevo  Gulf,  as  far  as  the  River 
Chupat,  (seventy  miles  southward  of  San  Josef)  there 
appear  to  be  several  plains,  of  which  the  best  defined 
are  here  represented. 

NaU. 
Section  of  Step-formed  Plains  Sooth  of  NneTo  Golf. 
SM  ft  An.  IL  S0&-S20  An.  M.  80  Est 


Weit 


^  East 


Lerel  of  sea.    Scale  ^  of  inch  to  100  feet  rerticoL 


K.B.— An.  M.  always  stands  for  anijular  or  trigonometrical  measnrcmcnt 
Ba.  M.  n  barometrical  measurement. 

Est  H  estimation  by  the  Officers  of  the  Survey. 

The  upper  plain  is  here  well  defined  (called  Table 
Hills) ;  its  edge  forms  a  cliflF  or  line  of  escarpment 
many  miles  in  length,  projecting  over  a  lower  plain. 
The  lowest  plain  corresponds  with  that  at  San  Josef 
with  the  recent  shells  on  its  surface.      Between  this 
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lowest  and  the  uppermost  plain,  there  is  probably  more 
than  one  step-formed  terrace:  several  measurements 
show  the  existence  of  the  intermediate  one  of  the  height 
given  in  the  diagram. 

Near  the  north  headland  of  the  great  Bay  of  St. 
George  (100  miles  south  of  the  Chupat),  two  well 
marked  plains  of  250  and  330  feet  were  measurt^d: 
these  are  said  to  sweep  round  a  great  part  of  the  Bay. 
At  its  south  headland,  120  miles  distant  from  the  north 
headland,  the  250  feet  plain  was  again  measured.  In 
the  middle  of  the  bay,  a  higher  plain  was  found  at 
two  neighbouring  places  (Tilli  Roads  and  C.  Marques) 
to  be  580  feet  in  height.  Above  this  plain,  towards 
the  interior,  Mr.  Stokes  informs  me  that  there  were 
several  other  step  formed  plains,  the  highest  of  which 
was  estimated  at  1,200  feet,  and  was  seen  ranging  at 
apparently  the  same  height  for  150  miles  northward. 
All  these  plains  have  been  worn  into  great  valleys  and 
much  denuded.  The  following  section  is  illustrative  of 
the  general  structure  of  the  great  Bay  of  St.  Gteorge. 

Ko.  16. 
Sectioa  of  Plains  in  the  Bay  of  St  George: 

IfSOO  feet  Est        Not  measured. 

V... 


I 


v.. 


V-...     680  An.  M.  330  An.  M.  JWAjlM. 

A L__^      I 


^l 


Lorel  of  nea.    Scale  ^  of  inch  to  100  feet  TertdcaL 

At  the  south  headland  of  the  Bay  of  St.  George  (near 
C.  Three  Points)  the  250  plain  is  very  extensive.  At 
Port  Desire  (forty  miles  southward)  I  made  several 
measurements  with  the  barometer  of  a  plain,  which 
extends  along  the  north  side  of  the  port  and  along  the 
open  coast,  and  which  varies  from  245  to  255  feet  in 
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height :  this  plain  abuts  against  the  foot  of  a  higher 
plain  of  330  feet,  which  extends  also,  far  northward 
along  the  coast,  and  likewise  into  the  interior.  In  the 
distance  a  higher  inland  platform  was  seen,  of  which 
do  not  know  the  height.  In  three  separate  places,  I 
observed  the  cliff  of  the  245-255  feet  plain,  fringed  by 
a  terrace  or  narrow  plain  estimated  at  about  100  feet 
in  height.  These  plains  are  represented  in  the  fol- 
lowing section : — 

Na  17. 
Section  of  Plains  at  Port  Desire. 


Not  Measoxed.  ^  ^     « 


^^ V         100  ft 


Level  of  sea.     Scale  ^  of  inch  to  100  feet  vcrticftL 

In  many  places,  even  at  the  distance  of  three  and 
four  miles  from  the  coast,  I  found  on  the  gravel-capped 
surface  of  the  245-255  feet,  and  of  the  330  feet  plain, 
shells  of  MytiltLs  Mfujelh miens j  M,  edtilu'^,  Patella 
deaurUa^  and  another  Patella,  too  much  worn  to  be 
identified,  but  apparently  similar  to  one  found  abun- 
dantly adhering  to  the  leaves  of  the  kelp.  These 
species  are  the  commonest  now  living  on  this  coast. 
The  shells  all  appeared  very  old :  the  blue  of  the 
mussels  was  much  faded  ;  and  only  traces  of  colour 
could  be  perceived  in  the  Patellas,  of  which  the  outer 
surfaces  were  scaling  off.  They  lay  scattered  on  the 
smooth  surface  of  the  gravel,  but  abounded  most  in 
certain  patches,  especially  at  the  heads  of  the  smaller 
valleys  :  they  generally  contained  sand  in  their  insides ; 
and  I  presume  that  they  have  been  washed  by  alluvial 
action  out  of  thin  sandy  layers,  traces  of  which  may 
sometimes  be  seen  covering  the  gravel.     The  several 
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pUdns  have  very  level  snrfaces ;  bat  all  are  scooped  out 
bjr  namerons,  bn^ad,  winding,  flat-bottomed  vallejs,  in 
which,  judging  from  the  bushes,  streams  never  flow. 
These  remarks  on  the  state  of  the  shells,  and  on  the 
natnre  of  the  plains,  apply  to  the  following  cases,  so 
need  not  be  repeated. 

Southward  of  Port  Desire,  the  plains  have  been 
greatly  denuded,  with  only  small  pieces  of  table-land 
marking  their  former  extension.  But  opposite  Bird  Is- 
land, two  considerable  step-formed  plains  were  measured, 
and  found  respectively  to  be  350  and  590  feet  in  height. 
This  latter  plain  extends  along  the  coast  close  to  Port 
St.  Julian  (110  miles  south  of  Port  Desire);  where  we 
have  the  following  section : — 

N<v.ia  ' 

Section  of  PUina  at  Port  St  JoUail 
MO  ft.  An.  K. 


\ 


6«0An.lL 


Level  of  tea.    Scale  ^  of  inch  to  100  feet  verticaL 


The  lowest  plain  was  estimated  at  ninety  feet :  it  is 
remarkable  from  the  usual  gravel-bed  being  deeply 
worn  into  hollows,  which  are  filled  up  with,  as  well  as 
the  general  surface  covered  by,  sandy  and  reddish  earthy 
matter :  in  one  of  the  hollows  thus  filled  up,  the  skeleton 
of  the  Macranehenid  Patmhonkti^  as  will  hereafter  be 
described,  was  embedded.  On  the  surface  and  in  the 
upper  parts  of  this  earthy  mass,  there  were  numerous 
shells  of  Mytilus  MivgeWmicus  and  M.  edulis,  Patella 
deaurita^  nnd  fragments  of  other  species.  This  plain 
is  tolerably  level,  but  not  extensive ;  it  forms  a  pro- 
montory seven  or  eight  miles  long,  and  three  or  four 
wide.     The  upper  plains  in  the  above  diagram  were 
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measured  by  the  Officers  of  the  Survey ;  they  were  all 
capped  by  thick  beds  of  gravel,  and  were  all  more  or 
less  denuded :  the  950  plain  consists  merely  of  separate, 
truncated,  gravel-capped  hills,  two  of  which,  by  measure- 
ment, were  found  to  differ  only  three  feet.  The  430 
feet  plain  extends,  apparently  with  hardly  a  break,  to 
near  the  northern  entrance  of  the  Bio  Santa  Cruz  (fifty 
miles  to  the  south) ;  but  it  was  there  found  to  be  only 
330  feet  in  height. 

On  the  southern  side  of  the  mouth  of  the  Santa  Cruz 
we  have  the  following  section,  which  I  am  able  to  give 
with  more  detail  than  in  the  foregoing  cases : — 

Na  19. 
Seoti<m  of  Plains  si  the  mouth  of  the  Rio  Santa  CroB. 


840  ft  An.  M. 

710  An.  H. 

< 

Shells 
on  sor- 
faoe. 

^S 

\ 

\ 

Lerel  of  sea.    Scale  ^  of  inch  to  100  feet  yerticaL 

The  plain  marked  355  feet  (as  ascertained  by  the 
barometer  and  by  angular  measurement)  is  a  continua- 
tion of  the  above-mentioned  330  feet  plain :  it  extends 
in  a  NW.  direction  along  the  southern  shores  of  the 
estuary.  It  is  capped  by  gravel,  which  in  most  parts  is 
covered  by  a  thin  bed  of  sandy  earth,  and  is  scooped  out 
by  many  flat-bottomed  valleys.  It  appears  to  the  eye 
quite  level,  but  in  proceeding  in  a  SSW.  course,  towards 
an  escarpment  distant  about  six  miles,  and  likewise 
ranging  across  the  country  in  a  NW.  line,  it  was  found 
to  rise  at  first  insensibly,  and  then  for  the  last  half  mile, 
sensibly,  close  up  to  the  base  of  the  escarpment:  at 
this  point  it  was  463  feet  in  height,  showing  a  rise  of 
108  feet  in  the  six  miles.  On  this  355  to  463  feet 
plain,  I  found  several  shells  of  MytUvs  MageUanicus 
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snd  of  a  Ifytilas,  which  Mr.  Sowerby  informs  me  is  yet 
nniLimed,  though  well  known  as  recent  on  this  coast ; 
P'lfdla  deaurita ;  Fusus.  I  believe,  M^iMjeUanicus^  but 
the  specimen  has  been  lost ;  and  at  the  distance  of  fcnr 
miles  &om  the  coast,  at  the  height  of  aboat  -100  feet, 
there  were  fragments  of  the  same  Patella  and  of  a 
Volnta  (apparently  F.  ariciUa)  partially  embedded  in 
the  superficial  sandy  earth.  All  these  shells  had  the 
same  ancient  appearance  with  those  from  the  f Dreg^^ing 
localities.  As  the  tides  along  this  part  of  the  coast 
rise  at  the  Sjzyqal  period  forty  feet,  and  therefore  fonn 
a  well-marked  beach-line,  I  particularly  looked  out  for 
ridges  in  crossing  this  plain,  which,  as  we  have  se..»n, 
rises  108  feet  in  about  six  miles,  bat  I  could  not  see 
any  traces  of  such.  The  next  highest  plain  is  710  feet 
abjve  the  sea;  it  is  very  narrow,  but  level,  and  is 
capped  with  gravel ;  it  abuts  to  the  foot  of  the  8 10 
feet  plain.  This  summit-plain  extends  as  far  as  the 
eye  can  range,  both  inland  along  the  southern  side  ot 
the  valley  of  the  Santa  Cruz,  and  southward  along  the 
Atlantic. 

Tlie  Valley  of  the  ff.  Santa  Cruz. — ^This  valley  runs 
in  an  east  and  west  direction  to  the  Cordillera,  a  dis- 
tance of  about  160  miles.  It  cuts  through  the  great 
Patagonian  tertiary  formation,  including,  in  the  upper 
half  of  the  valley,  immense  streams  of  basaltic  lava, 
which,  as  well  as  the  softer  beds,  are  capped  by  gravel ; 
and  this  gravel,  high  up  the  river,  is  associated  with  a 
vast  boulder  formation.*  In  ascending  the  valley,  the 
plain  which  at  the  mouth  on  the  southern  side  is  855 
feet  high,  is  seen  to  trend  towards  the  corresponding 
plain  on  the  northern  side,  so  that  their  ascarpments 
appear  like  the  shores  of  a  former  estuary,  larger  than 

*  I  have  deftcribed  this  formation  in  a  paper  in  the  *  Qeological 
Transactions,*  vol.  vi.  p.  416. 


CHAP.  Tm.         Valley  of  Santa  Cruz.  203 

the  existing  one  :  the  escarpments,  also,  of  the  840  feet 
summit-plain  (with  a  corresponding  northern  one, 
which  is  met  with  some  way  up  the  valley),  appear  like 
the  shores  of  a  still  larger  estuary.  Farther  up  the  val- 
ley, the  sides  are  bounded  throughout  its  entire  length 
by  level,  gravel-capped  terraces,  rising  above  each  other 
in  steps.  The  width  between  the  upper  escarpments  is 
on  an  average  between  seven  and  ten  miles ;  in  one 
spot,  however,  where  cutting  through  the  basaltic  lava, 
it  was  only  one  mile  and  a  half.  Between  the  escarp- 
ments of  the  second  highest  terrace  the  average  width 
is  about  four  or  five  miles.  The  bottom  of  the  valley, 
at  the  distance  of  110  miles  from  its  mouth,  begins 
sensibly  to  expand,  and  soon  forms  a  considerable  plain, 
440  feet  above  the  level  of  the  sea,  through  which  the 
river  flows  in  a  gut  from  twenty  to  forty  feet  in  depth. 
1  here  found,  at  a  point  of  140  miles  from  the  Atlantic, 
and  seventy  miles  from  the  nearest  creek  of  the  Pacific, 
at  the  height  of  410  feet,  a  very  old  and  worn  shell  of 
Patella  deaurita.  Lower  down  the  valley,  105  miles 
firom  the  Atlantic  (long.  71^  W.),  and  at  an  elevation 
of  about  300  feet,  I  also  found,  in  the  bed  of  the  river, 
two  much  worn  and  broken  shells  of  the  Volvia  anciUa^ 
still  retaining  traces  of  their  colours ;  and  oue  of  the 
Patella  deaurita.  It  appeared  that  these  shells  had 
been  washed  from  the  banks  into  the  river ;  considering 
the  distance  firom  the  sea,  the  desert  and  absolutely 
unfrequented  character  of  the  country,  and  the  very 
ancient  appearance  of  the  shells  (exactly  like  those 
found  on  the  plains  nearer  the  coast),  there  is,  I  think, 
no  cause  to  suspect  that  they  could  have  been  brought 
here  by  Indians. 

The  plain  at  the  head  of  the  valley  is  tolerably 
level,  but  water-worn,  and  with  many  sand-dunes  on  it 
like  those  on  a  sea-coast.     At  the  highest  point  to  which 
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we  ascended,  it  was  sixteen  miles  wide  in  a  north  and 
south  line ;  and  forty-five  miles  in  length  in  an  east 
and  west  line.  It  is  bordered  by  the  escarpments,  one 
above  the  other,  of  two  plains,  which  diverge  as  they 
approach  the  Cordillera,  and  consequently  resemble,  at 
two  levels,  the  shores  of  great  bays  facing  the  moun- 
tains ;  and  these  mountiiins  are  breached  in  front  of  the 
lower  plain  by  a  remarkable  gap.  The  valley,  therefore, 
of  the  Santa  Cruz  consists  of  a  straight  broad  cut, 
about  ninety  miles  in  length,  bordered  by  gravel-capped 
terraces  and  plains,  the  escarpments  of  which  at  both 
ends  diverge  or  expand,  one  over  the  other,  after  the 
manner  of  the  shores  of  great  bays.  Bearing  in  mind 
this  peculiar  form  of  the  land — the  sand-dunes  on  the 
plain  at  the  head  of  the  valley — the  gap  in  the  Cordil- 
lera, in  front  of  it — the  presence  in  two  places  of  very 
ancient  shells  of  existing  species — and  lastly,  the  cir- 
cumstance of  the  355  to  453  feet  plain,  with  the 
numerous  marine  remains  on  its  surface,  sweeping  fix)m 
the  Atlantic  coast,  far  up  the  valley,  I  think  we  must 
admit,  that  within  the  recent  period,  the  course  of  the 
Santa  Cruz  formed  a  sea-strait  intersecting  the  con- 
tinent. At  this  period,  the  southern  part  of  South 
America  consisted  of  an  archipelago  of  islands  360 
miles  in  a  N.  and  S.  line.  We  shall  presently  see,  that 
two  other  straits  also,  since  closed,  then  cut  through 
Tierra  del  Fuego ;  I  may  add,  that  one  of  them  must 
at  that  time  have  expanded  at  the  foot  of  the  Cordillera 
into  a  great  bay  (now  Otway  Water)  like  that  which 
formerly  covered  the  440  feet  plain  at  the  head  of  the 
Santa  Cruz. 

I  have  said  that  the  valley  in  its  whole  course  is 
bordered  by  gravel-capped  plains.  The  following  sec- 
tion, supposed  to  be  drawn  in  a  N.  and  S.  line  across 
the   valley,  can   scarcely  be  considered  as  more  than 
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illustrative;  for  daring  our  hurried  ascent  it  was  im- 
possible to   measure  all   the  plains  at  any  one  place. 

KaSO. 

Korth  and  South  Section  across  the  Terraces  booncling  the  Yalley  of 
the  Biver  Santa  Cruz,  high  up  its  coarse. 
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The  height  of  each  terrace  abore  the  level  of  the  river,  is  shown  by  the  number 
onder  it  Vertical  scale  -^  of  inch  to  a  100  feet ;  but  terrace  B  being  only 
twenty  feet  above  tbo  river,  has  necessarily  been  raised.  The  horizon^  dis- 
tances much  contracted ;  the  dintanoe  from  the  edge  of  A  n.  to  A  s.  being  on  an 
average  from  seven  to  ten  miles. 

At  a  point  nearly  midway  between  the  Cordillera  and 
the  Atlantic,  I  found  the  plain  (A  north)  1,122  feet 
above  the  river ;  all  the  lower  plains  on  this  side  were 
here  united  into  one  great  broken  clitf :  at  a  point 
sixteen  miles  lower  down  the  stream,  I  found  by 
measurement  and  estimation  that  B  (n)  was  869  above 
the  river:  very  near  to  where  A  (n)  was  measured, 
C  (n)  was  639  above  the  same  level :  the  terrace  D  (n) 
was  nowhere  measured :  the  lowest  E  (n)  was  in  many 
places  about  twenty  feet  above  the  river.  These  plains 
or  terraces  were  best  developed  where  the  valley  was 
widest;  the  whole  five,  like  gigantic  steps,  occurred 
together  only  at  a  few  points.  The  lower  terraces  are 
less  continuous  than  the  higher  ones,  and  appear  to  be 
entirely  lost  in  the  upper  third  of  the  valley.  Terrace 
C  («),  however,  was  traced  continuously  for  a  great 
distance.  The  terrace  B  (n),  at  a  point  of  filty-five 
miles  from  the  mouth  of  the  river,  was  four  miles  in 
width;  higher  up  the  valley  this  terrace  (or  at  least 
the  second  highest  one,  for  I  could  not  always  trace  it 
continuously)  was  about  eight  miles  wide.     This  second 


2o6  Valley  of  Santa  Cruz.  fabt  n. 

plain  was  generally  wider  than  the  lower  ones — as 
indeed  follows  from  the  valley  from  A  (n)  to  A  (i) 
being  generally  nearly  doable  the  width  from  B  (n) 
to  B  (J).  Low  down  the  valley,  the  snmmit-plain  A  (/?) 
is  continnoos  with  the  840  feet  plain  on  the  coast,  bat  it 
is  soon  lost  or  nnites  with  the  escarpment  of  B  («). 
The  corresponding  plain  A  (n),  on  the  north  side  of  the 
valley,  appears  to  range  continuously  from  the  Cordil- 
lera to  the  head  of  the  present  estuary  of  the  S.  Cruz, 
where  it  trends  northward  towards  Port  St.  Julian. 
Near  the  Cordillera  the  snmmit-plain  on  both  sides  of 
the  valley  is  between  3,200  and  3,300  feet  in  height ; 
at  100  miles  from  the  Atlantic,  it  is  1,416  feet,  and  on 
the  coast  840  feet,  all  above  the  sea-beach ;  so  that  in 
a  distance  of  100  miles  the  plain  rises  576  feet,  and 
much  more  rapidly  near  to  the  Cordillera.  The  lower 
terraces  B  and  C  also  appear  to  rise  as  they  ran  up  the 
valley;  thns  D  (ti),  measured  at  two  points  twenty- 
four  miles  apart,  was  found  to  have  risen  185  feet. 
From  several  reasons  I  suspect,  that  this  gradual 
inclination  of  the  plains  up  the  valley,  has  been  chiefly 
caused  by  the  elevation  of  the  continent  in  mass, 
having  been  the  greater  the  nearer  to  the  Cordillera. 

All  the  terraces  are  capped  with  well-rounded  gravel, 
which  rests  either  on  the  denuded  and  sometimes 
farrowed  surface  of  the  soft  tertiary  deposits,  or  on  the 
basaltic  lava.  The  difference  in  height  between  some 
of  the  lower  steps  or  terraces  seems  to  be  entirely 
cwing  to  a  difference  in  the  thickness  of  the  capping 
gravel.  Furrow^  and  inequalities  in  the  gravel,  where 
such  occur,  are  filled  up  and  smoothed  over  with  sandy 
earth.  The  pebbles,  especially  on  the  higher  plains, 
are  often  whitewashed,  and  even  cemented  together  by 
a  white  aluminous  substance ;  and  I  occasionally  found 
this  to  be  the  case  with  the  gravel  on  the  terrace  D. 


CHAP.  Tin.         Valley  of  Santa  Cruz.  207 

— 

I  could  not  perceive  any  trace  of  a  similar  deposi- 
tion on  the  pebbles  now  thrown  np  by  the  river,  and 
therefore  I  do  not  think  that  terrace  D  was  river- 
formed.  As  the  terrace  B  generally  stands  about 
twenty  feet  above  the  bed  of  the  river,  my  first  impres- 
sion was  to  doubt  whether  even  this  lowest  one  could 
have  been  so  formed  ;  but  it  should  always  be  borne  in 
mind,  that  the  horizontal  upheaval  of  a  district,  by  in- 
creasing the  total  descent  of  the  streams,  will  always 
tend  to  increase,  first  near  the  sea-coast  and  then 
farther  and  farther  up  the  valley,  their  corroding  and 
deepening  powers:  so  that  an  alluvial  plain,  formed 
almost  on  a  level  with  a  stream,  will,  after  an  elevation 
of  this  kind,  in  time  be  cut  through,  and  left  standing 
at  a  height  never  again  to  be  reached  by  the  water. 
With  respect  to  the  three  upper  terraces  of  the  S.  Cruz, 
I  think  there  can  be  no  doubt,  that  they  were  modelled 
by  the  sea,  when  the  valley  was  occupied  by  a  strait,  in 
the  same  manner  (hereafter  to  be  discussed),  as  the 
greater,  step-formed,  shell-strewed  plains  along  the 
coast  of  Patagonia. 

To  return  to  the  shores  of  the  Atlantic  the  840 
feet  plain,  at  the  mouth  of  the  Santa  Cruz,  is  seen  ex- 
tending horizontally  far  to  the  south ;  and  I  am  in- 
formed by  the  Officers  of  the  Survey,  that  bending  round 
the  head  of  Coy  Inlet  (sixty-five  miles  southward),  it 
trends  inland.  Outliers  of  apparently  the  same  height 
are  seen  forty  miles  farther  south,  inland  of  the  river 
Gallegos;  and  a  plain  comes  down  to  Cape  Gregory 
(thirty-five  miles  southward),  in  the  Strait  of  Magellan, 
which  was  estimated  at  between  800  and  1,000  feet 
in  height,  and  which,  rising  towards  the  interior,  is 
capped  by  the  boulder  formation.  South  of  the  Strait 
of  Magellan,  there  are  large  outlying  masses  of  appa- 
rently the  same  great  table-land,  extending  at  intervals 
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?rr.rr*    '"J.-.t    Iritit,    -viier*   the    iuCT   3nmmiTr-Diai:i 

«  .Ik. 

■^TTrrru-Li  ror  rory  sulea  "o  "he  river  'jrollejr-a-  Frr:ci 
'hia  ^-.inr  Vj  -he  S'Tair  :f  ^^■lgp^L!aIl,  and  m  each  ade 
'it  'har.  .^Irrair,  the  zcinrrr  'j^is  k:trii  mnch  lienaded  and 
i«  !:=»a  Iftv-*!.  It  'Xin^i-rs  :h:edT  of  rhe  booldo'  itma- 
'ion.  ":vhich  rses  :o  i  aei;rht  of  betwetin  150  and  ioO 
frn^r,  'ir.d  ia  -jfren  capped  by  be*is  of  graveL  As  X.S. 
Grar.ia,  ".n  rhe  norrh  ^ide  of  die  Inner  yarrows  of  the 
'y.^T\\r.  A  iLi'V^iian.  I  Xand  on  rie  summic  of  a  cLLii 
I  ^\*)  rV^r  in  h-^i^-ht,  iheils  of  'Scsting  PaceiliE  and  iTvtili, 
•t^fit.r^r^^  on  rhe  sarrace  and  paxriaUv  embedded  ia 
prfirrh.  On  rh*^  ■»a=i»m  wast,  aiso.  of  Tierra  del  Fuego, 
in  lArir::*:^:  o-j'  20'  S.,  I  found  many  ilytiii  on  some 
Iftv^l  lan'i.  ■^ritimated  at  2<)<J  feet  in  height.  Anterior 
tTj  r.he  eitrvarion  attested  bv  these  shells,  it  is  evident 
by  the  pr*=:r:^r;t  fi,nn  of  the  iand,  and  by  the  distribution 
of  the  jrreat  emric  bo  alders  *  on  the  surface,  that  two 
ftwir-nhanneia  connected  the  Strait  of  Magellan  both 
with  SfrbafttLan  Bav  and  with  Otwav  Water. 

Or/ftrhiding  reTruirka  on  the  recent  elevation  of  the 
ermfh-eajftem  coads  of  America^  and  on  the  action  of 
the  sea  on  the  land. — Upraised  shells  of  species,  still  ex- 
isting as  the  commonest  kinds  in  the  adjoining  sea^  occur, 
as  we  have  seen,  at  heights  of  between  a  few  feet  and  410 
ff'tit,  at  intervals  from  latitude  33°  40'  to  53°  2(y  South. 
This  is  a  distance  of  1,180  geographical  miles — about 
er^nal  from  Tendon  to  the  North  Cape  of  Sweden.  As 
the  boulder  formation,  extends  with  nearly  the  same 
hfti^ht  150  milf.-8  south  of  53°  20',  the  most  southern 
point  where  I  landed  and  found  upraised  shells;  and 

■  '  Goolog.  Transact ioDfl,'  voL  tL  p.  419. 
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as  the  level  Pampas  ranges  many  hnndred  miles  north- 
ward of  the  point,  where  M.  d'Orbigny  fonnd  at  the 
height  of  100  feet  beds  of  the  Azara,  the  space  in  a 
north  and  soath  line,  which  has  been  aplifled  within 
the  recent  period,  most  have  been  mnch  above  the 
1,180  miles.  By  the  term  *  recent,'  I  refer  only  to  that 
period  within  which  the  now  living  mollnsca  were 
called  into  existence ;  for  it  will  be  seen  in  the  eleventh 
Chapter,  that  both  at  Bahia  Blanca  and  P.  S.  Julian,  the 
mammiferous  qnadmpeds  which  co-existed  with  these 
shells  belong  to  extinct  species.  I  have  said  that  the 
npraised  shells  were  found  only  at  intervals  on  this  line 
of  coast,  but  this  in  all  probability  may  be  attributed 
to  my  not  having  landed  at  the  intermediate  points ; 
for  wherever  I  did  land,  with  the  exception  of  the 
river  Negro,  shells  were  found:  moreover,  the  shells 
are  strewed  on  plains  or  terraces,  which,  as  we  shall 
immediately  see,  extend  for  great  distances  with  a 
uniform  height.  I  ascended  the  higher  plains  only  in 
a  few  places,  owing  to  the  distance  at  which  their 
escarpments  generally  range  from  the  coast,  so  that  I 
am  far  from  knowing  that  410  fe-et  is  the  maximum  of 
elevation  of  these  upraised  remains.  The  shells  are 
those  now  most  abundant  in  a  living  state  in  the 
adjoining  sea.^  All  of  them  have  an  ancient  appear- 
ance ;  but  Bome^  especially  the  mussels,  although  lying 
fully  exposed  to  the  weather,  retain  to  a  considerable 
extent  their  colours :  this  circumstance  appears  at  first 
surprising,  but  it  is  now  known  that  the  colouring 
principle  of  the  Mytilus  is  so  enduring,  that  it  is  pre- 
served when  the  shell  itself  is  completely  disintegrated.* 

*  Gi^  King,  <  Voyages  of  Adventiire  and  Beagle,'  vol.  L  pp.  6 
and  133. 

•  See  Mr.  LyeU'a  *  Proofs  of  a  Gradual  Rising  in  Sweden,'  in  the 
*  Philosoph.  Transact.'  1835,  p.  1.  See  aUo  Mr.  Smith,  of  Jordan 
Hill,  in  the  *  Edin.  New  Phil.  Journal,'  yoL  xxv.  p.  393. 
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Most  of  th*?  sh-i-'Ja  are  brck^n :  I  nowhere  found  two 
Talves  unitrrd :  the  frajm-enta  are  not  rocnded.  at  least 
in  nc!:e  of  the  q^rcimeca  which  I  broorfit  home. 

With  re?j>?ct  to  the  breadth  of  the  npraised  area  in 
an  east  and  west  line,  we  know  from  the  shells  foand  at 
the  inner  Xairows  of  the  Strait  of  Magellan,  that  the 
entire  width  of  the  plain,  although  there  very  narrow, 
has  been  elevated.     It  is  probable  that  in  this  sonthem* 
most  part  of  the  continent,  the  movement  has  extended 
under  the  sea  far  eastward ;  for  at  the  Falkland  Islands, 
thontrh  I  coald  not  find  anv  shells,  the  bones  of  whales 
have  been  noticed  by  several  competent  observers,  lying 
on  the  land  at  a  considerable  distance  from  the  sea,  and 
at  the  height  of  some  hundred  feet  above  it.*     More- 
over, we  know  that  in  Tierra  del  Fuego  the  boulder  for- 
mation has  l>*en  uplifted  within  the  recent  period,  and  a 
similar  formation  occurs  •  on  the  north-western  shores 
(Byron  Sound^  of  these  islands.      The  distance  from 
this  point  to  the  Cordillera  of  Tierra  del  Fuego,  is  360 
miles,  which  we  may  take  as  the  probable  width  of  the 
recently  upraised  area.     In  the  latitude  of  the  R.  Santa 
Cruz,  we  know  from  the  shells  found  at  the  mouth  and 
heafl.  and  in  the  middle  of  the  valley,  that  the  entire 
width  (about  160  miles)  of  the  surface  eastward  of  the 
Cordillera  has  been  upraised.     From  the  slope  of  the 
plains,  as  shown  by  the  course  of  the  rivers,  for  several 
degrees  northward  of  the  S.  Cruz,  it  is  probable  that  the 
elevation  attested  by  the  shells  on  the  coast  has  likewise 
extended  to  the  Cordillera.     When,  however,  we  look  as 
fur  northward  as  the  provinces  of  La  Plata,  this  conclusion 

•  •  Voyages  of  the  Adventure  and  Beagle,'  vol.  ii.  p.  227.  And 
Bougainville's  'Voyage/  tome  i.  p.  112. 

•  I  owe  this  fact  to  the  kindness  of  Capt.  Salivan,  B.N.,  a  highly 
competent  ohsen'cr.  I  mention  it  more  especially,  as  in  my  Paper 
(p.  427)  on  the  Boulder  Formation,  I  have,  after  having  examined 
the  northern  and  middle  parts  of  the  eastern  island,  said  that  thf 
formatloo  was  here  wholly  absent. 
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would  be  very  hazardous ;  not  only  is  the  distance  from 
Maldonado  (where  I  found  upraised  shells)  to  the 
Cordillera  great,  namely,  760  miles,  but  at  the  head 
of  the  estuary  of  the  Plata,  a  NNE.  and  SSW.  range 
of  tertiary  volcanic  rocks  has  been  observed,'  which 
may  well  indicate  an  axis  of  elevation  quite  distinct 
from  that  of  the  Andes.  Moreover,  in  the  centre  of 
the  Pampas  in  the  chain  of  Cordova,  severe  earthquakes 
have  been  felt;*  whereas  at  Mendoza,  at  the  eastern 
foot  of  the  Cordillera,  only  gentle  oscillations,  trans- 
mitted from  the  shores  of  the  Pacific,  have  ever  been 
experienced.  Hence  the  elevation  of  the  Pampas  may 
be  due  to  several  distinct  axes  of  movement ;  and  we 
cannot  judge,  from  the  upraised  shells  round  the  estuary 
of  the  Plata,  of  the  breadth  of  the  area  uplifted  within 
the  recent  period. 

Not  only  has  the  above  specified  long  range  of  coast 
been  elevated  within  the  recent  period,  but  I  think  it 
may  be  safely  inferred  from  the  similarity  in  height  of 
the  gravel-capped  plains  at  distant  points,  that  there 
has  been  a  remarkable  degree  of  equability  in  the 
elevatory  process.  I  may  premise,  that  when  I  mea- 
sured the  plains,  it  was  simply  to  ascertain  the  heights 
at  which  shells  occurred ;  afterwards,  comparing  these 
measurements  with  some  of  those  made  during  the 
Survey,  I  was  struck  with  their  uniformity,  and  accord- 

•  This  volcanic  formation  wiU  be  described  in  Chapter  XI.  It  is 
not  improbable  that  the  height  of  the  upraised  shells  at  the  head 
of  the  estuary  of  the  Plata,  being  greater  than  at  fiahia  Blanca  or 
at  San  Bias,  may  be  owing  to  the  upheaval  of  these  latter  places 
having  been  connected  with  the  distant  line  of  the  CordiUera,  whilst 
that  of  the  provinces  of  La  Plata  was  in  connection  with  the  adjoin- 
ing tertiary  volcanic  axis. 

*  See  Sir  W.  Parish's  work  on  *  La  Plata,'  p.  242.  For  a  notice  of 
an  earthquake  which  drained  a  lake  near  Coj^ova,  see  also  Templets 
'Travels  In  Pern.'  Sir  VT.  Parish  informs  me,  that  a  town  between. 
Salta  and  Tacnman  (north  of  Cordova)  was  formerly  utterly  over- 
khrown  by  an  euthqnake. 

15 
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ingly  tabulated  all  those  which  represented  the  eum- 
mit-edges  of  plains.  The  extension  of  the  330  to  355 
feet  plain  is  very  striking,  being  found  over  a  space  of 
500  geographical  miles  in  a  north  and  south  line.  A 
table  of  the  measurements  is  here  given.  The  angular 
measurements  and  all  the  estimations  are  by  the  OflScers 
of  the  Survey;  the  barometrical  ones  by  myself: — 

Feet 

Gallegos  River  to  Ck)^  Inlet  (partly  angnlar  meas.  and  partly    . 

estira.) 350 

South  Ride  of  Santa  Cmz  (ang.  and  bar  ^m.  meas.)    .        •        .  356 

Koith  Side  of    do.  (ang.  m.) 330 

Bird  Island,  plain  opposite  to  (ang.  m.) 350 

Port  Desire,  plain  extending  far  a^ong  coast  (barom.  m.)  .  .  330 
St.  George's  Bay,  north  promontory  (ang.  m.)  ....  330 
Table  Land,  south  of  New  Bay  (ang.  m.) 350 

A  plain,  varying  from  245  to  255  feet,  seems  to 
extend  with  much  uniformity  from  Port  Desire  to  the 
north  of  St.  George's  Bay,  a  distance  of  170  miles; 
and  some  approximate  measurements,  also  given  in  the 
following  table,  indicate  the  much  greater  extension  of 
780  miles : — 

Feet 

Coy  Inlet,  south  of  (partly  ang.  m.  and  partly  estim.)  200  to  800 

Port  Desire  (barom.  m.) 245  to  255 

C.  Blanco  (ang.  m.) 250 

North  Promontory  of  St.  George's  Bay  (ang.  m.)        •  250 

South  of  New  Bay  (ang.  m.) 200  to  220 

North  of  S.  Josef  (estim.) 200  to  300 

Plain  of  Rio  Negro  (ang.  m.) 200  to  220 

Bahia  Blanca  (estim.) 200  to  300 

The  extension,  moreover,  of  the  560  to  580,  and  of 
the  80  to  100  feet,  plains  is  remarkable,  though  some- 
what less  obvious  than  in  the  former  cases.  Bearing 
in  mind  that  I  have  not  picked  these  measurements 
out  of  a  series,  but  have  used  all  those  which  repre- 
sented the  edges  of  plains,  I  think  it  scarcely  possible 
that  these  coincidences  in  height  should  be  accidentaL 
We  must  therefore  conclude  that  the  action,  whatever 
it  may  have  been,  by  which  these  plains  have  been 
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modelled  into  their  present  forms,  has  been  singularly 
uniform. 

These  plains  or  great  terraces,  of  which  three  and 
four  often  rise  like  steps  one  behind  the  other,  are 
formed  by  the  denudation  of  the  old  Patagonian 
tertiaiy  beds,  and  by  the  deposition  on  their  snrfacea  of 
6  mass  of  well-ronnded  gravel,  varying,  near  the  coast, 
from  ten  to  thirty-five  feet  in  thickness,  but  increasing 
in  thickness  towards  the  interior.  The  gravel  is  often 
capped  by  a  thin  irregular  bed  of  sandy  earth.  The 
plains  slope  np,  though  seldom  sensibly  to  the  eye, 
from  the  snmmib-edge  of  one  escarpment  to  the  foot  of 
the  next  highest  one.  Within  a  distance  of  150  miles, 
between  Santa  Cruz  to  Port  Desire,  where  the  plains 
are  particnlarly  well  developed,  there  are  at  least  seven 
stages  or  steps,  one  above  the  other.  On  the  three 
lower  ones,  namely,  those  of  100  feet,  250  feet,  and 
S50  feet  in  height,  existing  littoral  shells  are  abnndnntly 
strewed,  either  on  the  surface,  or  partially  embedded  in 
the  superficial  sandy  earth.  By  whatever  action  these 
three  lower  plains  have  been  modelled,  so  undoubtedly 
have  all  the  higher  ones,  np  to  a  height  of  950  feet  at 
S.  Julian,  and  of  1,200  feet  (by  estimation)  along  St. 
George's  Bay.  I  think  it  will  not  be  disputed,  con- 
sidering the  presence  of  the  upraised  marine  shells,  that 
the  sea  has  been  the  active  power  daring  stipes  of  some 
kind  in  the  elevatory  process. 

We  will  now  briefly  consider  this  subject :  if  we 
look  at  tbe  existing  coast-line,  the  evidence  of  the 
great  denuding  power  of  the  sea  is  very  distinct ;  for, 
from  Cape  St,  Diego,  in  lat.  54°  30'  to  the  mouth  of 
the  Bio  Negro,  in  lat.  31°  (a  length  of  more  than  800 
miles),  the  shore  is  formed,  with  singularly  few  excep- 
tions, of  bold  and  naked  cliffs :  in  many  places  the 
cUBb  are  high  ;  thns,  south  of  the  Santa  Cruz,  they  are 
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between  SCO  and  900  f-et  in  height,  with  their  hori- 
zontal strata  abrupt! j  cut  oiF,  showing  the  immense 
mass  of  matter  which  has  been  removed.     Nearly  this 

m 

whole  line  of  coast  consists  of  a  series  of  greater  or 
lesser  curves,  the  horns  of  which,  and  likewise  certain 
straight  projecting  portions,  are  formed  of  hard  rocks ; 
hence  the  concave  parts  are  evidently  the  effect  and  the 
measure  of  the  denuding  action  on  the  softer  strata. 
At  the  foot  of  all  thr.*  cliffs,  the  sea  shoals  very  gradually 
far  outwards  ;  and  the  bottom,  for  a  space  of  some 
miles,  everjwhere  consists  of  gravel.  I  carefully  ex- 
amined the  bed  of  the  sea  off  the  Santa  (Jmz,  and  found 
that  its  inclination  was  exactlv  the  same,  both  in 
amount  and  in  its  peculiar  curvature,  with  that  of  the 
355  feet  plain  at  the  same  place.  If,  therefore,  the 
coast,  with  the  bed  of  the  adjoining  sea,  were  now  sud- 
denly elevated  100  or  200  feet,  an  inland  line  of  cliffs, 
that  is  an  escarpment,  would  be  formed,  with  a  gravel- 
capped  plain  at  its  foot  gently  sloping  to  the  sea,  and 
having  an  inclination  like  that  of  the  existing  355  feet 
plain.  From  the  denuding  tendency  of  the  sea,  this 
newly  formed  plain  would  in  time  be  eaten  back  into  a 
cliff:  and  repetitions  of  this  elevatory  and  denuding 
process  would  produce  a  series  of  gravel-capped,  sloping 
terraces,  rising  one  alx)ve  another,  like  those  fronting 
the  shores  of  Patagonia. 

The  chief  difficulty  (for  there  are  other  inconsider- 
able ones)  on  this  view,  is  the  fact, — as  far  as  I  can 
trust  two  continuous  lines  of  soundings  carefiilly  taken 
between  Santa  Cruz  and  the  Falkland  Islands,  and 
several  scattered  observations  on  this  and  other  coasts, — 
that  the  pebbles  at  the  bottom  of  the  sea  quickly  and 
regularly  decrease  in  size  with  the  increasing  depth 
and  distance  from  the  shore,  whereas  in  the  gravel  on 
the  sloping  plains,  no  such  decrease  in  size  was  per* 
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ceptible.     The  following  table  gives  the  average  result 
of  many  soondings  off  the  Santa  Cruz : — 

Under  two  miles  from  the  shore,  many  of  the  pebbles  were  of 
large  size  mingled  with  some  small  ones. 
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I  particularly  attended  to  the  size  of  the  pebbles  on 
the  355  feet  Santa  Cruz  plain,  and  I  noticed  that  on 
the  summit-edge  of  the  present  sea-cliffs  many  were 
as  large  as  half  of  a  man's  head ;  and  in  crossing  from 
these  cliBfe  to  the  foot  of  the  next  highest  escarpment, 
a  distance  of  six  miles,  I  could  not  observe  any  increase 
in  their  size.  We  shall  presently  see  that  the  theory 
of  a  slow  and  almost  insensible  rise  of  the  land,  will 
explain  all  the  facts  connected  with  the  gravel-capped 
terraces,  better  than  the  theory  of  sudden  elevations  of 
from  one  to  two  hundred  feet. 

M.  d'Orbigny  has  argued,  from  the  upraised  shells 
at  San  Bias  being  embedded  in  the  positions  in  which 
they  lived,  and  from  the  valves  of  the  Azara  lahiata 
high  on  the  banks  of  the  Parana  being  united  and  un- 
rolled, that  the  elevation  of  Northern  Patagonia  and  of 
La  Plata  must  have  been  sudden ;  for  he  thinks,  if  it 
had  been  gradual,  these  shells  would  all  have  been 
rolled  on  successive  beach-lines.  But  in  protected  bays, 
inch  as  in  that  of  Bahia  Blanca,  wherever  the  sea  is 
accumulating  extensive  mud-banks,  or  where  the  winds 
quietly  heap  up  sand-dunes,  beds  of  shells  might  assuredly 
be  presenr-ed  buried  in  the  positions  in  which  they  had 
lived,  even  whilst  the  land  retained  the  same  level ;  any, 
the  smallest,  amount  of  elevation  would  directly  aid  in 
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their  preserratioiL  I  saw  a  multitade  of  spots  in  Bahia 
Blanca  where  this  might  hare  been  effected;  and  at 
Maldonado  it  almost  certainly  has  been  effected.  In 
speaking  of  the  elevation  of  the  land  having  been  alow, 
I  do  not  wish  to  exclude  the  small  starts  which  accom- 
[>any  earthquakes,  as  on  the  coast  of  ChUe ;  and  by  such 
movements  beds  of  shells  might  easily  be  uplifted,  even 
in  positions  exposed  to  a  heavy  surf,  without  undergoing 
any  attrition :  for  instance,  in  1835,  a  rocky  flat  off  the 
island  of  Santa  Maria  was  at  one  blow  upheaved  above 
high-water  mark,  and  was  left  covered  with  gaping  and 
putrefying  mussel-shells,  still  attached  to  the  bed  on 
which  they  had  lived.  If  M.  d'Orbigny  had  been  aware 
of  the  many  long  parallel  lines  of  sand-hillocks,  with 
infinitely  numerous  shells  of  the  Mactra  and  Venus,  at 
a  low  level  near  the  Uruguay ;  if  he  had  seen  at  Bahia 
Blanca  the  immense  sand-dunes,  with  water-worn  pebbles 
of  pumice,  ranging,  in  parallel  lines,  one  behind  the  other 
up  a  height  of  at  least  120  feet ;  if  he  had  seen  the  sand- 
dunes,  with  the  countless  Paludestrinas,  on  the  low  plain 
near  the  Fort  at  this  place,  and  that  long  line  on  the  edge 
of  the  cliff,  sixty  feet  higher  up ;  if  he  had  crossed  that 
long  and  great  belt  of  parallel  sand-dunes,  eight  miles  in 
width,  standing  at  the  height  of  from  forty  to  fifty  feet 
above  the  Colorado,  where  sand  could  not  now  collect,— 
I  cannot  believe  he  would  have  thought  that  the  eleva- 
tion of  this  great  district  had  been  sudden.  Certainly  the 
sand-duues  (especially  when  abounding  with  shells), 
which  stand  in  ranges  at  so  many  different  levels,  must 
all  have  required  long  time  for  their  accumulation;  and 
hence  I  do  not  doubt  that  the  last  100  feet  of  elevation 
of  La  Plata  and  Northern  Patagonia  has  been  exceed- 
ingly slow. 

If  we  extend  this  conclusion  to  Central  and  Southern 
Patagonia,  the  inclination  of  the   successively  rising 
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grayel-capped  plains  can  be  explained  quite  as  well,  as 
by  the  more  obvioas  view  already  given  of  a  few  com- 
paratively great  and  sudden  elevations ;  in  either  case 
we  must  admit  long  periods  of  rest,  during  which  the 
sea  ate  deeply  into  the  land.  Let  us  suppose  the 
present  coast  to  rise  at  a  nearly  equable,  slow  rate,  yet 
BuflSciently  quick  to  prevent  the  waves  quite  removing 
each  part  as  soon  as  brought  up;  in  this  case  every 
portion  of  the  present  bed  of  the  sea  will  successively 
form  a  beach-line,  and  from  being  exposed  to  a  like 
action  will  be  similarly  affected.  It  cannot  matter  to 
what  height  the  tides  rise,  even  if  to  forty  feet  as  at 
Santa  Cruz,  for  they  will  act  with  equal  force  and  in 
like  manner  on  each  successive  lino.  Hence  there  is 
no  difficulty  in  the  fact  of  the  855  feet  plain  at  Santa 
Cruz  sloping  up  108  feet  to  the  foot  of  the  next  highest 
escarpment,  and  yet  having  no  marks  of  any  one  par- 
ticular beach-line  on  it ;  for  the  whole  surface  on  this 
view  has  been  a  beach.  I  cannot  pretend  to  follow  out 
the  precise  action  of  the  tidal  waves  during  a  rise  of 
the  land,  slow,  yet  sufficiently  quick  to  prevent  or  check 
denudation :  but  if  it  be  analogous  to  what  takes  place 
on  protected  parts  of  the  present  coast,  where  gravel  is 
now  accumulating  in  large  quantities,^  an  inclined 
surface,  thickly  capped  by  well-rounded  pebbles  of 
about  the  same  size,  would  be  ultimately  lefb.  On  the 
gravel  now  accumulating,  the  waves,  aided  by  the  wind, 
sometimes  throw  up  a  thin  covering  of  sand,  together 
with  the  common  coast-shells.  Shells  thus  cast  up  by 
gales,  would,  during  an  elevatory  period,  never  again 
be  touched  by  the  sea.  Hence,  on  this  view  of  a  slow 
and  gradual  rising  of  the  land,  interrupted  by  periods 

'  On  the  eastern  side  of  Chiloe,  which  island  we  shall  see  in  the 
next  chapter  is  now  rising,  I  observed  that  all  the  beaches  and  ezten- 
■ive  tidal  fiata  were  formed  of  shingle. 
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of  rest  and  denudation,  we  can  understand  the  pebbles 
being  of  about  the  same  size  over  the  entire  width  of 
the  step-like  plains, — the  occasional  thin  covering  of 
sandy  earth, — and  the  presence  of  broken,  unrolled 
fragments  of  those  shells,  which  now  live  exclusively 
near  the  coast. 

Summary  of  Results, — ^It  may  be  concluded  that 
the  coast  on  this  side  the  continent,  for  a  space  of  at 
least  1,180  miles,  has  been  elevated  to  a  height  of  100 
feet  in  La  Plata,  and  of  400  feet  in  Southern  Patagonia, 
within  the  period  of  existing  shells,  but  not  of  existing 
mammifers.  That  in  La  Plata  the  elevation  has  been 
very  slowly  effected :  that  in  Patagonia  the  movement 
may  have  been  by  considerable  starts,  but  much  more 
probably  slow  and  quiet.  In  either  case,  there  have 
been  long  intervening  periods  of  comparative  rest,' 
during  which  the  sea  corroded  deeply,  as  it  is  still  cor- 
roding, into  the  land.  That  the  periods  of  denudation 
and  elevation  were  contemporaneous  and  equable  over 
great  spaces  of  coast,  as  shown  by  the  equable  heights 
of  the  plains;  that  there  have  been  at  least  eight 
periods  of  denudation,  and  that  the  land,  up  to  a  height 
of  from  950  to  1,200  feet,  has  been  similarly  modelled 
and  affected :  that  the  area  elevated,  in  the  southern- 
most part  of  the  continent,  extended  in  breadth  to 
the  Cordillera,  and  probably  seaward  to  the  Falkland 
Islands ;  that  northward,  in  La  Plata,  the  breadth  is 
unknown,  there  having  been  probably  more  than  one 
axis  of  elevation;  and  finally,  that,  anterior  to  the 
elevation  attested  by  these  upraised  shells,  the  land  was 
divided  by  a  Strait  where  the  river  Santa  Cruz  now 

*  I  say  comparative  and  not  ahsolvte  rest,  because  the  sea  acts, 
as  we  have  seen,  with  great  denuding  power  on  this  whole  line  of 
coast ;  and  therefore,  during  an  elevation  of  the  land,  if  excessively 
slow  (and  of  course  during  a  subsidence  of  the  land),  it  is  quite 
possible  that  lines  of  diff  might  be  formed. 
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flows,  and  that  farther  southward  there  were  other  sea- 
BtroitB,  since  closed.  I  may  add,  that  at  Santa  Cmz, 
in  lab.  50°  S.,  the  pklns  have  been  uplifted  at  least 
1,400  feet,  since  the  period  when  gigantic  boulders 
were  transported  between  sixty  and  seventy  miles  from 
their  parent  rock,  on  floating  icebergs. 

Lastly,  coDsideriog  the  great  upward  movements 
which  this  long  line  of  coast  has  undergone,. and  the 
proximity  of  its  sonthcm  half  to  the  vulcanic  axis  of 
the  Cordillera,  it  is  highly  remarkable  that  in  the  many 
fine  sections  exposed  in  the  Pampean,  I'atagoniaa 
tertiary,  and  Boulder  formations,  I  nowhere  observed 
the  smallest  fault  or  abrupt  curvature  in  the  strata. 

Oravel  Formalum  of  Patagonia. 

I  will  here  describe  in  more  detail  than  has  been  as 
yet  incidentally  done,  the  nature,  origin,  and  extent  of 
the  great  shingle  covering  of  Patagonia :  but  I  do  not 
mean  to  affirm  that  all  of  this  shingle,  especially  that 
on  the  higher  plains,  belongs  to  the  recent  period.  A 
thin  bed  of  sandy  earth,  with  small  pebbles  of  various 
porphyries  and  of  quartz,  covering  a  low  plain  on  the 
north  side  of  the  Rio  Colorado,  is  the  extreme  northern 
limit  of  this  formation.  These  little  pebbles  have 
probably  been  derived  from  the.  denudation  of  a  more 
Tegular  bed  of  gravel,  capping  the  old  tertiary  sand- 
stone plateau  of  the  Hio  Negro.  The  gravel-bed  near 
the  Rio  Negro  is,  on  an  average,  about  ten  or  twelve 
feet  \L.  thickness;  and  the  pebbles  are  larger  than  on 
the  northern  side  of  the  Colorado,  being  from  one  to 
two  inches  in  diameter,  and  composed  chiefly  of  rather 
dork-tinted  porphyries.  Amongst  them  1  here  first 
noticed  a  variety  often  to  be  referred  to,  namely,  a 
peculiar  gaUstone-yellow  siliceous  porphyry,  frequently. 
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bat  T^jt  mrariiil/lr,  ocmiaiziiDg  grains  of  qiiartz.  Tho 
prbbiea  are  t^inijfAisA  ia  a  white  gritty  calcareous 
urarrix  very  liie  mortAr,  sometimes  merely  coating 
with  a  whitewash  the  BeiATuie  stones,  and  sometimes 
tfjnning  the  greater  pan  of  the  mass.  In  one  place  I 
saw  in  the  gravel  concretionary  nodules  (not  rounded) 
of  cr}'£tallized  gypsum,  some  as  large  as  a  man*s  head. 
I  traced  this  bed  for  forty-five  miles  inland,  and  was 
aisjiured  that  it  extended  far  into  the  interior.  As  the 
surface  of  the  calcareo-argillaceous  plain  of  Pampean 
formation,  on  the  northern  side  of  the  wide  valley  of 
the  Colorado,  stands  at  about  the  same  height  with  the 
mortar-like  c.-rnented  gravel  capping  the  sandstone  on 
the  8^juth<;rn  side,  it  is  proljable,  considering  the  appa- 
rent equability  of  tho  subterranean  movements  along 
this  side  of  America,  that  this  gravel  of  the  Rio  Negro 
and  tho  upper  beds  of  the  Pampean  formation  north- 
ward of  the  Colorado,  are  of  nearly  contemporaneous 
origin,  and  that  the  calcareous  matter  has  been  derived 
from  the  same  source. 

Southward  of  the  Rio  Negro,  the  cliffs  along  the 
great  bay  of  S.  Antonio  are  capped  with  gravel :  at  San 
Josef,  I  found  that  tlie  pebbles  closely  resembled  those 
on  tho  plain  of  tlie  Rio  Negro,  but  that  they  were  not 
cemented  by  calcareous  matter.  Between  San  Josef 
and  Port  DesirO;  I  was  assured  by  the  Officers  of  the 
Survey  that  the  whole  face  of  the  country  is  coated  with 
gravel.  At  Port  Desire  and  over  a  space  of  twenty-five 
miles  inland,  on  the  three  step-formed  plains  and  in  the 
valleys,  I  everywhere  passed  over  gravel  which,  where 
thickest,  was  between  thirty  and  forty  feet.  Here,  as 
in  other  parts  of  Patagonia,  the  gravel,  or  its  sandy 
covering,  was,  as  we  have  seen,  often  strewed  with  re- 
cent marine  shells.  The  sandy  covering  sometimes 
fills  up  furrows  in  the  gravel,  as  does  the  gravel  in  the 
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onderlyiBg  tertiary  formationa.  The  pebbles  are  fre- 
qaentl;  whitewashed  and  even  cemented  together  by 
a  peculiar,  white,  friable,  aliimiDoos,  fusible,  substance, 
which  I  believe  is  decomposed  feldspar.  A  t  Port  Desire, 
the  gravel  rested  sometimes  on  the  basal  formation  of 
porphyry,  and  sometimes  on  the  upper  or  the  lower 
denuded  tertiary  strata.  It  is  remarkable  that  most 
of  the  porphyritic  pebbles  differ  from  those  varieties  of 
porphyry  which  occur  hero  abundantly  in  sUu.  The 
peculiar  gallstone-yellow  variety  was  common,  but  less 
nnmeroos  than  at  Port  S.  Julian,  where  it  formed 
nearly  one-third  of  the  mass  of  gravel ;  the  remaining 
part  there  consisting  of  pale  gray  and  greenbh  por- 
phyries  with  many  crystals  of  feldspar.  At  Port  S. 
Julian,  I  ascended  one  of  the  flat-topped  hills,  the  de- 
nuded remnant  of  the  highest  plain,  and  found  it,  at 
the  height  of  950  feet,  capped  with  the  usual  bed  of 
gravel. 

Near  the  month  of  the  Santa  Crua,  the  bed  of  gravel 
on  the  356  feet  plain  is  from  twenty  to  about  thirty- 
five  feet  in  thickness.  The  pebbles  vary  from  minute 
ones  to  the  size  of  a  hen's  egg,  and  even  to  that  of  half 
a  man's  head ;  they  consist  of  paler  varieties  of  porphyry 
than  those  found  farther  northward,  and  there  are  fewer 
of  the  gallstone-yellow  kind  ;  pebbles  of  compact  black 
clay-slate  were  here  first  observed.  The  gravel,  as  we 
have  seen,  covers  the  step-formed  plains  at  the  mouth, 
head,  and  on  the  sides  of  the  great  valley  of  the  Santa 
Cruz.  At  a  distance  of  110  miles  from  the  coast,  the 
plain  has  risen  to  the  height  of  1,416  feet  above  the 
sea ;  and  the  gravel,  with  the  associated  great  boulder 
formation,  has  attained  a  thickness  of  212  feet.  The 
plain,  apparently  with  its  nsual  gravel  covering,  slopes 
np  to  the  foot  of  the  Cordillera  to  the  height  of  between 
S,200  and  3,800  feet.     In   ascending  the  valley,  th« 
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gravr!  grrvT-ar.T  lecm^  ^z^tlr^lj  altrred  in  ch.Tracter: 
fciifh  -p.  T^  ha^-*  pebble  of  crjrrallire  teld-parhi.?  rocts, 
c»:inpact  c'.ij-rl.tr'^,  qi  irrzose  =t:bi.5C5  aai  pale-coloured 
porplivr>s  :  tc-rse  r:oIc7.  ;-?ir-r.2b:rhfroo  the  gigantic 
bzildrrs  in  th-?  5I:^^:t^e  ar^-i  fTnc-m  s<:Tne  small  pebbles 
emb-rdd-rii  benrach  7">j  feen  ia  thiolmeag  of  the  old 
tertiarv  srr-ita,  are  the  pr^Tailir.or  kinds  in  this  part  of 
th-r  Ccra::!eri :  p-ebbl-rs  of  basalt  frjm  the  nelAhonnng 
streams  cf  bjL^a'ric  hiva  are  also  nnmerotis :  there  are 
few  or  none  of  the  reddish  or  of  the  ff:vi!stone-vellow 
porphyries  so  ccmmoa  near  the  coast.  Hence  the 
pebbles  on  the  3->0  feet  plain  at  the  mouth  of  the  Santa 
Cmz  cannot  have  been  deriT-d  i"wi"h  the  exception  of 
thc-se  of  compact  clav-ala'.e.  which,  h-'^wever,  may  eq^ially 
well  have  come  frc-m  the  ?.:arhi  fr."^m  the  Cordillera  in 
this  latitude ;  but  probably,  in  chief  part,  from  farther 
north. 

Southward  of  the  Sanra  Cruz,  the  irravel  mav  be 
BTf-.n  continuoc-Iy  capping  the  srreat  SiO  feet  plain :  at 
the  lUo  Gal!'\/o^,  where  this  phiin  is  succeeded  by  a 
lower  one,  thf.re  is.  as  I  am  informed  by  Captain  Sali- 
van,  an  irrf'.'juhiT  covering  of  sravel  from  ten  to  twelve 
feet  in  tliir;kne.H3  ov^-r  the  whole  countrv.     The  district 

m 

on  each  side  of  t}*e  Strait  of  Magellan  is  covered  np 
either  with  (^avel  or  the  boulder  formation:  it  was 
intercHtini?  to  ob?-erve  the  marked  difference  between 
thf*  perfectly  rounded  state  of  the  pebbles  in  the  great 
fihinfrlo  formation  of  Patagonia,  and  the  more  or  less 
an;/iilar  fragments  in  the  boulder  formation.  The 
pebbles  and  fragments  near  the  Strait  of  Magellan 
nearly  all  belong  to  rocks  known  to  occur  in  Fuegia. 
I  was  therefore  much  surprised  in  dredging  south  of 
the  Strait  to  find,  in  lat.  54°  10'  south,  many  pebbles 
of  the  gallstone-yellow  siliceous  porphyry ;  I  procured 
others  from  a  great  depth  off  Staten  Island,  and  others 
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were  brought  me  firom  the  western  extremity  of  the 
Falkland  Islands.*  The  distribntion  of  the  pebbles  of 
this  pecniiar  porphyry,  which  I  ventnre  to  aflton  is  not 
found  in  w/u  either  in  Fuegia,  the  Falkland  Islands, 
or  on  the  coast  of  Patagonia,  is  very  remarkable,  for 
they  are  fonnd  over  a  space  of  840  miles  in  a  north  and 
south  line,  and  at  the  Falklands,  800  miles  eastward  of 
the  coast  of  Patagonia.  Their  occurrence  in  Fuegia 
and  the  Falklands  may,  however,  perhaps  be  due  to 
the  same  ice-agency  by  which  the  boulders  have  been 
there  transported. 

We  have  seen  that  porphyritic  pebbles  of  a  small 
size  are  first  met  with  on  the  northern  side  of  the  Rio 
Colorado,  the  bed  becoming  well  developed  near  the 
Rio  Negro :  firom  this  latter  point  I  have  every  reason 
to  believe  that  the  gravel  extends  uninterruptedly  over 
the  plains  and  valleys  of  Patagonia  for  at  least  630 
nautical  miles  southward  to  the  Rio  Gallegos.  From 
the  slope  of  the  plains,  from  the  nature  of  the  pebbles, 
firom  their  extension  at  the  Rio  Negro  far  into  the 
interior,  and  at  the  Santa  Cruz  close  up  to  the  Cor- 
dillera, I  think  it  highly  probable  that  the  whole  breadth 
of  Patagonia  is  thus  covered.  If  so,  the  average  width 
of  the  bed  must  be  about  200  miles.  Near  the  coast 
the  gravel  is  generally  from  ten  to  thirty  feet  in  thick- 
ness ;  and  as  in  the  valley  of  Santa  Cruz  it  attains,  at 
some  distance  firom  the  Cordillera,  a  thickness  of  214 
feet,  we  may,  I  think,  safely  assume  its  average  thick- 

■  At  mj  request,  Mr.  Kent  collected  for  me  a  bag  of  pebbles  from 
the  beach  of  White  Rook  harbour,  in  the  northern  part  of  the  sound, 
between  the  two  Falkland  Islands.  Out  of  these  well-rounded 
pebbles,  varying  in  size  from  a  walnut  to  a  hen*s  ^^%,  with  some 
larger,  thirty-eight  evidently  belonged  to  the  rocks  of  these  islands; 
twenty-six  were  similar  to  the  pebbles  of  porphyry  found  on  the 
Patagonian  plains,  which  rocks  do  not  exist  in  ntu  in  the  Falklands ; 
one  pebble  belonged  to  the  peculiar  yellow  siliceous  porphyry ;  thirty 
were  of  doabtful  origin. 
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ness  over  the  whole  area  of  630  by  200  miles,  at  fifty 
feet! 

The  transportal  and  origin  of  this  vast  bed  of  pebbles 
is  an  interesting  problem.  From  the  manner  in  which 
they  cap  the  step-formed  plains,  worn  by  the  sea  within 
the  period  of  existing  shells,  their  deposition,  at  least 
on  the  plains  np  to  a  height  of  400  feet,  must  have 
been  a  recent  geological  event.  From  the  form  of  the 
continent,  we  mav  feel  sure  that  thev  have  come  from 
the  westward,  probably,  in  chief  part  from  the  Cordillera, 
but,  perhaps,  partly  from  unknown  rocky  ridges  in  the 
central  districts  of  Patagonia.  That  the  pebbles  have 
not  been  transported  by  rivers,  from  the  interior  towards 
the  coast,  we  mav  conclude  from  the  fewness  and  small- 
ness  of  the  streams  of  Patagonia :  moreover,  in  the  case 
of  the  one  great  and  rapid  river  of  Santa  Cruz,  we  have 
good  evidence  that  its  transporting  power  is  very  trifling. 
This  river  is  from  200  to  300  yards  in  width,  about 
seventeen  feet  deep  in  its  middle,  and  runs  with  a  sin- 
gular degree  of  uniformity  five  knots  an  hour,  with  no 
lakes  and  scarcely  any  still  reaches :  nevertheless,  to 
give  one  instance  of  its  small  transporting  power,  upon 
careful  examination,  pebbles  of  compact  basalt  could 
not  be  found  in  the  bed  of  the  river  at  a  greater  distance 
than  ten  miles  below  the  point  where  the  stream  rushes 
over  the  debris  of  the  great  basaltic  cliffs  forming  its 
shore:  fragments  of  the  cellular  varieties  have  been 
washed  down  twice  or  thrice  as  far.  That  the  pebbles 
in  Central  and  Northern  Patagonia  have  not  been  trans- 
ported by  ice-agency,  as  seems  to  have  been  the  case  to 
a  considerable  extent  farther  south,  and  likewise  iniihe 
northern  hemisphere,  we  may  conclude,  from  the  absence 
of  all  angular  fragments  in  the  gravel,  and  from  the 
complete  contrast  in  many  other  respects  between  the 
shingle  and  neighbouring  boulder  formation. 
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Looking  to  the  gravel  on  any  one  of  the  step-formod 
plains,  I  cannot  doubt,  from  the  several  reasons  assigned 
in  this  chapter,  that  it  has  been  spread  out  and  levelled 
by  tbelong-continaed  action  of  the  sea,  probably  during 
Ihe  alow  rise  of  the  land.  The  smooth  and  perfectly 
rounded  condition  of  the  innumerable  pebbles  alone 
would  prove  long-continncd  action.  But  how  the  whole 
mass  of  shingle  on  the  coasts  plains  has  been  transported 
from  the  mountains  of  the  interior,  is  another  and  more 
difficolt  question.  The  following  considerations,  how- 
ever, ahow  that  the  sea  by  its  ordinary  action  has  con- 
siderable power  in  distributing  pebbles.  A  table  has 
already  been  given,  showing  how  very  uniformly  and 
gradually'  the  pebbles  decrease  in  siae  with  the  gradu- 
ally seaward  increasing  depth  and  distance.  A  series 
of  this  kind  irresistibly  leads  to  the  conclusion,  that 
the  sea  has  the  power  of  sifting  and  distributing  the 
loose  matter  on  ite  bottom.  According  to  Martin 
White,*  the  bed  of  the  British  Channel  is  disturbed 
during  gales  at  depths  of  sixty-three  and  sixty-seven 
fathoms,  and  at  thirty  fathoms,  shingle  and  fragments 
of  shells  are  often  deposited,  afterwards  to  be  carried 
away  again.     Ground- swells,  which  are  believed  to  be 

'  I  may  mentjon,  that  at  the  diatance  of  150  miles  from  the 
PatagODun  ahure  I  carefQilj  examined  the  minatc-rounilcd  particle* 
in  the  sand,  and  found  them  to  be  fusible  like  the  porphyries  of  the 
gRAt  aluDgla  bed.  I  coald  even  diatingutsb  particles  of  the  gall* 
■bme  yellow  porphyry.  It  was  interesting  to  notice  how  gradually 
the  peiticlea  of  white  quaitE  increaaed,  as  wd  approached  the  Falk- 
laDd  lalandi,  which  are  thne  cooaticnted.  In  the  whole  line  of 
■onndinga  between  these  iaUnds  and  the  cosat  o[  Patagonia  dead  or 
Uving  oi^anie  Temains  were  most  rare.  On  llie  relations  between 
the  depth  of  water  and  the  nature  of  the  bottom,  see  Martin  White 
•n  '  Sonndli^KS  in  the  Channel,'  pp.  k,  8,  ITS ;  also  Captain  Beecboy% 
*  Toyage  to  the  Paoifio,'  chap,  zviii. 

'  'BonodlngB  in  tiie  Channel,'  pp.  4,  166.  M.  Eiaa  atatea 
(•Bdin.  New  Phil.  Jonr.' vol.  mi.  p.  246),  that  he  found  the  sedi- 
ment, at  a  depth  of  188  metres,  arranged  in  ripples  of  diHereDt 
degrees  of  fineness.  There  are  some  ezceileot  discussions  on  thia 
and  slUed  aabjects  in  Bir  B.  £)b  U  Beche's '  Theoretical  lUsearchea,' 
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caased  bv  distiiDt  gales,  seem  especiAHj  to  affect  the 
hoi:t«:iii :  at  anch  timea,  according  to  Sir  R.  Schom* 
bnri-k,^  the  sea  to  a  great  disrance  roand  the  West 
Indian  Isiamis,  at  depths  from  five  to  fifteen  fiuhoms, 
becomes  discoloured,  and  even  the  anchors  of  vessels 
have  been  moved.  There  are,  however,  some  difficulties 
in  anderstanding  how  the  sea  can  transport  pebbles 
lying  at  the  bottom,  for,  fjrom  experiments  instituted 
on  the  power  of  running  water,  it  would  appear  that 
the  currents  of  the  sea  have  not  sufficient  velocity  to 
move  stones  of  even  moderate  size :  moreover,  I  have 
repeatetily  foand  in  the  most  exposed  situations  that 
the  pebbles  which  lie  at  the  bottom  are  encrusted  with 
fall-grown  living  corallines,  furnished  with  the  meet 
delicate,  yet  unbroken  spines :  for  instance,  in  ten 
fathoms  water  off  the  mouth  of  the  Santa  Cruz,  many 
pebbles,  under  half  an  inch  in  diameter,  were  thus 
coated  with  Flustracean  zoophytes.*  Hence  we  must 
conclude  that  these  pebbles  are  not  often  violently  dis- 
turbed :  it  should,  however,  be  borne  in  mind  that  the 
growth  of  corallines  is  rapid.  The  view,  propounded 
by  Prof.  Play  fair,  will,  I  believe,  explain  this  apparent 
difficulty, — namely,  that  from  the  undulations  of  the 
sea  tending  to  lift  up  and  down  pebbles  or  other  loose 
bodies  at  the  bottom,  such  are  liable,  when  thus  quite 
or  partially  raised,  to  be  moved  even  by  a  very  small 

•  •  Journal  of  Eoyal  Geograph.  Sec.' vol.  v.  p.  26.  It  appears  from 
Mr.  Scott  Russell's  investigations  (see  Mr.  Murchison*8  *  Anniver. 
Address  Geolog.  Soc.'  1813,  p.  40),  that  in  waves  of  translation  the 
motion  of  the  particles  of  water  is  nearly  as  great  at  the  bottom  as 
at  the  top. 

*  A  i>ebblc,  one  and  a  half  Inch  square  and  half  an  inch  thick,  waf 
given  rno,  dre<lged  up  from  twenty-seven  fathoms  depth  ofiE  the  west- 
em  erif*  of  the  Falkland  Islands,  where  the  sea  is  remarkably  stormy, 
and  suiijcct  to  violent  tides.  This  pebble  was  encrusted  on  all  sides 
by  a  delicate  livini?  coralline.  I  have  seen  many  pebbles  from  depths 
between  forty  and  seventy  fathoms  thus  encrusted ;  one  from  the 
latter  depth  off  Cape  Horo. 
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force,  a  little  onwards.  We  can  thus  understand  how 
oceanic  or  tidal  currents  of  no  great  strength,  or  that 
recoil  movement  of  the  bottom-water  near  the  land, 
called  by  sailors  the  *  undertow  '  (which  I  presume  must 
extend  out  seaward  as  far  as  the  breaking  waves  impel 
the  surface-water  towards  the  beach),  may  gain  the 
power  during  storms  of  sifting  and  distributing  pebbles 
even  of  considerable  size,  and  yet  without  so  violently 
disturbing  them  as  to  injure  the  encrusting  corallines.* 
The  sea  acts  in  another  and  distinct  manner  in 
the  distribution  of  pebbles,  namely  })j  the  waves  on  the 
beach.  Mr.  Palmer,*  in  his  excellent  memoir  on  this 
subject,  has  shown  that  vast  masses  of  shingle  travel 
with  surprising  quickness  along  lines  of  coast,  according 
to  the  direction  with  which  the. waves  break  on  the 
beach,  and  that  this  is  determined  by  the  prevailing 
direction  of  the  winds.  This  agency  must  be  powerful 
in  mingling  together  and  disseminating  pebbles  derived 
firom  different  sources :  we  may,  perhaps,  thus  under* 
stand  the  wide  distribution  of  the'  gallstone-yellow 
porphyry ;  and  likewise,  perhaps,  the  great  difference  in 
the  nature  of  the  pebbles  at  the  mouth  of  the  Santa 

>  I  may  take  this  opportanity  of  remarking  on  a  singnlar  but 
very  common  character  in  the  form  of  the  bottom,  in  the  creeks 
which  deeply  penetrate  the  western  shores  of  Tierradel  Fuego ;  namely, 
that  they  are  ahnost  invariably  much  shallower  close  to  the  open  sea 
at  their  months  than  inland.  Thus,  Cook,  in  entering  Christmas 
Sound,  first  had  soundings  in  thirty-seven  fathoms,  then  in  fifty,  then 
in  sixty,  and  a  little  farther  in  no  bottom,  with  170  fathoms.  The 
sealers  are  so  familiar  with  this  fact,  that  they  always  look  ont  for 
anchorage  near  the  entrances  of  the  creeks.  See,  also,  on  this  subject, 
the  •  Voyage  of  the  Adventure  and  Beagle,*  vol.  i.  p.  376,  and  *  Appen- 
dix,' p.  313.  This  shoalness  of  the  sea- channels  near  their  entrances 
probably  resnlts  from  the  quantity  of  sediment  formed  by  the  wear 
and  tear  of  the  outer  rocks  exposed  to  the  full  force  of  the  open  sea. 
I  haye  no  doubt  that  many  lakes,  for  instance  in  Scotland,  which  are 
▼cry  deep  within,  and  are  separated  from  the  sea  apparently  only  by 
a  tract  of  detritos,  were  originally  sea-channels  with  banks  of  this 
nature  near  their  mouths,  which  have  since  been  upheaved. 

'  *  Fhilosophioal  Transactions,'  1834,  p.  676. 
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Qtzz  fhrin  thr-se  in  the  sase  !a:::*ide  at  the  head  of  the 
Ta!]ev. 

I  will  net  prtteud  to  a55ign  to  these  several  and 
OC'DQ plicated  agencies  their  shares  in  the  distribution  of 
the  Pa*agrnian  shingle  ;  but  fr^m  the  several  considera- 
tions given  in  this  chapter,  and  I  may  add,  from  the 
frequency  of  a  capping  of  gravel  on  tertiary  deposits  in 
all  parts  of  the  world,  as  I  have  myself  observed  and 
seen  stated  in  the  works  of  various  authors,  I  cannot  doubt 
that  the  power  of  widely  dispersing  gravel  is  an  ordinary 
contingent  on  the  action  of  the  sea ;  and  that  even  in 
the  case  of  the  great  Patagonian  shingle-bed  we  have 
no  occasion  to  call  in  the  aid  of  debacles.  I  at  one 
time  imajrined  that  perhaps  an  immense  accumulation 
of  shin^rl^^  had  originally  been  collected  at  the  foot  of 
the  Cordillera;  and  that  this  accumulation,  when  up- 
raised al)ove  the  level  of  the  sea,  had  been  eaten  into 
and  partially  spread  out  (as  off  the  present  line  of  coast)  ; 
and  that  the  newly-spread  out  bed  had  in  its  turn  been 
upraised,  eaten  into,  and  re-spread  out ;  and  so  onwards, 
until  the  shingle,  which  was  first  accumulated  in  great 
thickness  at  the  foot  of  the  Cordillera,  had  reached  in 
thinner  beds  its  present  extension.  By  whatever  means 
the  gravel  formation  of  Patagonia  may  have  been  dis- 
tributed, the  vastness  of  its  area,  its  thickness,  its 
superficial  position,  its  recent  origin,  and  the  great 
degree  of  similarity  in  the  nature  of  its  pebbles,  all 
appear  to  me  well  deserving  the  attention  of  geologists, 
in  relation  to  the  origin  of  the  widely-spread  beds  of 
conglomerate  belonging  to  past  epochs. 

Formation  of  Cliffs, — When  viewing  the  sea-worn  1 
cliffs  of  Patagonia,  in  some  parts  between  800  and  900 
feet  in  height,  and  formed  of  horizontal  tertiary  strata, 
which  must  once  have  extended  far  seaward — or  again, 
when  viewing  the   lofly  clifia   round    many  volcanic 
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islands,  in  which  the  gentle  inclination  of  the  lava- 
streams  indicates  the  former  extension  of  the  land,  a 
diflSciilty  often  occurred  to  me,  namely,  how  the  strata 
could  possibly  have  been  removed  by  the  action  of  the 
sea  at  a  considerable  depth  beneath  its  surface.  The 
following  section,  which  represents  the  general  form  of 
the  land  on  the  northern  and  leeward  side  of  St.  Helena 
(taken  from  Mr.  Seals  large  model  and  various  measure- 
ments), and  of  the  bottom  of  the  adjoining  sea  (taken 
chiefly  from  Captain  Austin's  survey  and  some  old 
charts),  will  show  the  nature  of  this  difficulty  :— 

No.  21. 
Section  of  OoMt  CliiZs  and  Bottom  of  Sea,  off  the  laUud  of  St.  HeleoA. 


1.600  feet 
ftbore 


510  feet 

ftbOTC 


SOfath. 


lOOftk    «60A 


Lereiof 


Bottom  rocky 
onlv  to  a  drpth  of 
fire  or  six  fatlioms. 


Mud  and  sand. 


Vertical  and  horizontal  scale,  tvro  inches  to  a  nautical  mile.  The  point  marked 
1,600  feet  is  at  the  foot  of  Hi^h  Knoll  :  point  marked  510  feet  is  on  the  edge  of 
Ladder  HilL    The  strata  oonsist  of  basaltic  streams. 

If,  as  seems  probable,  the  basaltic  streams  were 
originally  prolonged  with  nearly  their  present  inclina- 
tion, they  must,  as  shown  by  the  dotted  line  in  the 
section,  once  have  extended  at  least  to  a  point,  now 
covered  by  the  sea  to  a  depth  of  nearly  thirty  fathoms : 
but  I  have  every  reason  to  believe  they  extended  con- 
siderably farther,  for  the  inclination  of  the  streams  is 
less  near  the  coast  than  farther  inland.  It  should  also 
be  observed,  that  other  sections  on  the  coast  of  this 
island  would  have  given  far  more  striking  results,  but 
I  had  not  the  exact  measurements ;  thus,  on  the  wind- 
ward side,  the  clifis  are  about  2,000  feet  in  height  and 
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the  cnt-off  lava  streams  very  gently  inclined,  and  the 
bottom  of  the  sea  has  nearly  a  similar  slope  all  round 
the  island.  How,  then,  has  all  the  hard  basaltic  rock, 
which  once  extended  beneath  the  surface  of  the  sea, 
been  worn  away  ?  According  to  Captain  Austin,  the 
bottom  is  uneven  and  rocky  only  to  that  very  small 
distance  from  the  beach  within  which  the  depth  is  from 
five  to  six  fathoms;  outside  this  line,  to  a  depth  of 
about  100  fathoms,  the  bottom  is  smooth,  gently  in- 
clined, and  formed  of  mud  and  sand;  outside  the  100 
fathoms,  it  plunges  suddenly  into  unfathomable  depths, 
as  is  80  very  commonly  the  case  on  all  coasts  where 
sediment  is  accumulating.  At  greater  depths  than  the 
five  or  six  fathoms,  it  seems  impossible,  under  existing 
circumstances,  that  the  sea  can  both  have  worn  away 
hard  rock,  in  parts  to  a  thickness  of  at  least  150  feet, 
and  have  deposited  a  smooth  bed  of  fine  sediment. 
Now,  if  we  had  any  reason  to  suppose  that  St.  Helena 
had,  during  a  long  period,  gone  on  slowly  subsiding, 
every  diflSculty  would  be  removed :  for  looking  at  the 
diagram,  and  imagining  a  fresh  amount  of  subsidence, 
we  can  see  that  the  waves  would  then  act  on  the  coast- 
cliflTs  with  fresh  and  unimpaired  vigour,  whilst  the 
POcky  ledge  near  the  beach  would  be  carried  down  to 
that  depth,  at  which  sand  and  mud  would  be  deposited 
on  its  bare  and  uneven  surface:  after  the  formation 
near  the  shore  of  a  new  rocky  shoal,  fresh  subsidence 
would  carry  it  down  and  allow  it  to  be  smoothly 
covered  up.  But  in  the  case  of  the  many  cliff-bounded 
islands,  for  instance  in  some  of  the  Canary  Islands  and 
of  Madeira,  round  which  the  inclination  of  the  strata 
shows  that  the  land  once  extended  far  into  the  depths 
of  the  sea,  where  there  is  no  apparent  means  of  hard 
rock  being  worn  away — are  we  to  suppose  that  all  these 
islands  have  slowly  subsided  ?    Madeira,  I  may  remark, 


CEAP.  Tm. 


Formation  of  Sea-Cliffs. 


231 


has,  according  to  Mr.  Smith  of  Jordan-hill,  subsided. 
Are  we  to  extend  this  conclusion  to  the  high,  cliff- 
bound,  horizontally-stratified  shores  of  Patagonia,  ofi 
which,  though  the  water  is  not  deep  even  at  the  dis- 
tance of  several  miles,  yet  the  smooth  bottom  of  pebbles 
gradually  decreasing  in  size  with  the  increasing  depth, 
and  derived  from  a  foreign  source,  seem  to  declare  that 
the  sea  is  now  a  depositing  and  not  a  corroding  agent  ? 
I  am  much  inclined  to  suspect,  that  we  shall  hereafter 
find  in  all  such  cases,  that  the  land  with  the  adjoining 
bed  of  the  sea  has  in  truth  subsided :  the  time  will,  I 
believe,  come,  when  geologists  will  consider  it  as  im- 
probable, that  the  land  should  have  retained  the  same 
level  during  a  whole  geological  period,  as  that  the 
atmosphere  should  have  remained  absolutely  calm 
during  an  entire  season. 
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CHAPTER  IX. 

ON  THE  ELEVATION  OF  THE  WESTEBN  COAST  OF  SOUTH 

AMEEICA. 

Chonot  Archipelago — Chihe,  recent  and  gradual  eleration  off  tradi- 
tions of  the  inhabitants  on  this  subject — Qmcepcitm,  earthquake  and 
eleration  of. — VALPARAISO,  great  eleration  of,  upraised  shells,  earth 
of  marine  ori^/iny  gradual  rise  of  the  land  rcithin  the  historical 
period.— COQVIMBO,  elevation  of  in  recent  time»,  terraces  of  marine 
origin,  their  invUnathm^  their  esearpjnents  not  horizontal — Chtasco, 
gravel  terraces  of—Copiapo. — Peru — Upraised  slielU  of  Cohija, 
JquiquCy  and  Arica  —Lima,  shell-beds  and  sea-bea^h  on  San  Lorenut, 
Human  remains,  foml  earthenware,  earthquake debarle,recent  sub- 
sidence — On  the  decay  of  upraised  sliells — General  summary. 

Commencing  at  the  south  and  proceeding  northward, 
the  first  place  at  which  I  landed,  was  at  Cape  Tres 
Montes,  in  lat.  46°  35'.  Here,  on  the  shores  of  Christ- 
mas Cove,  I  observed  in  several  places  a  beach  of 
pebbles  with  recent  shells,  about  twenty  feet  above 
high-water  mark.  Southward  of  Tres  Montes  (between 
lat.  47°  and  48°),  Byron  ^  remarks,  *  we  thought  it  very 
strange,  that  upon  the  summits  of  the  highest  hills 
were  found  beds  of  shells,  a  foot  or  two  thick.'  In  the 
Chonos  Archipelago,  the  island  of  Lemus  (lat.  44°  80') 
was,  according  to  M.  Coste,*  suddenly  elevated  eight 
feet,  during  the  earthquake  of  1839 :  he  adds,  *  des 
roches  jadis  toujours  couvertes  par  la  mer,  restant 
aujourd'hui  constamment  d6couvertes.*     In  other  parts 

'  *  Narrative  of  the  Loss  of  the  Wager.* 
•  •  Couiptes  Rendus/  October  1838,  p.  706w 
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of  this  KTcliipelago,  I  observed  two  terraces  of  gravel, 
abutting  to  the  foot  of  each  other :  at  Lowe's  Harbour 
(4.3''  48'),  under  a  great  mass  of  the  boulder  formatioa, 
about  300  feet  in  thickaess,  I  found  a  layer  of  sand, 
with  numerous  comminuted  fragments  of  sea-shells, 
having  a  fresh  aspect,  but  too  small  to  be  identified. 

Tho  Island  of  Ohiloe, — The  evidence  of  recent 
elevation  is  hero  more  satisfactory.  The  bay  of  San 
Carlos  is  in  most  parts  bounded  by  precipitous  cliffa 
irom  about  ten  to  forty  feet  in  height,  their  bases 
being  separated  from  the  present  line  of  tidal  action 
by  a  talus,  a  few  feet  in  height,  covered  with  vegetation. 
In  one  sheltered  creek  (west  of  P.  Arena)  instead  of  a 
loose  talus,  there  was  a  bare  sloping  bank  of  tertiary 
muds  tone,  perforated,  above  the  line  of  the  highest 
tides,  by  numerous  shells  of  a  Pholas  now  common  in 
the  harbour.  The  upper  extremities  of  these  shells, 
standing  upright  in  their  holes  wit^  grass  growing  out 
of  them,  were  abraded  about  a  quarter  of  an  inch,  to 
the  same  level  with  the  surrounding  worn  strata.  In 
other  parts,  I  observed  (as  at  Pudeto)  a  great  beach, 
formed  of  comminuted  shells,  twenty  feet  above  the 
present  shore.  In  other  parts,  again,  there  were  small 
caves  worn  into  the  foot  of  the  low  cliffs,  and  protected 
irom  the  waves  by  the  talus  with  its  vegetation  :  one 
such  cave  which  I  examined,  had  its  mouth  about 
twenty  feet,  and  its  bottom,  which  was  filled  with  sand 
containing  fragments  of  shells  and  legs  of  crabs,  from 
eight  to  ten  feet  above  high-water  mark.  From  these 
several  facts,  and  from  the  appearance  of  the  upraised 
shells,  I  inferred  that  the  elevation  had  been  quite 
recent ;  and  on  inquiring  &om  Mr,  Williams,  the  Port- 
master,  he  told  me  he  was  convinced  that  the  land  had 
risen,  cr  the  sea  fallen,  four  feet  within  the  last  four 
yean.     Daring  this  period,  there  had  been  one  severe 
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earthquake,  bnt  no  paiticnlar  change  of  level  was  then 
observed ;  from  the  habits  of  the  people  who  all  keep 
boats  in  the  protected  creeks,  it  is  absolately  impossible 
that  a  rise  of  foor  feet  conid  have  taken  place  suddenly 
and  been  unperceived.  llr.  Williams  believes  that  the 
change  has  been  qnite  gradnal.  Without  the  elevatory 
movement  continues  at  a  qaick  rate,  there  can  be  no 
doabt  that  the  sea  will  soon  destroy  the  tains  of  earth 
at  the  foot  of  the  cliifs  round  the  bay,  and  will  then 
reach  its  former  lateral  extension,  bnt  not  of  course  its 
former  level :  some  of  the  inhabitants  assured  me,  that 
one  such  tains,  with  a  footpath  on  it,  was  even  already 
sensibly  decreasing  in  width. 

I  received  several  accounts  of  beds  of  shells,  existing 
at  considerable  heights  in  the  inland  parts  of  Chiloe; 
and  to  one  of  these,  near  Catiman,  I  was  guided  by  a 
countryman.  Here,  on  the  south  side  of  the  peninsula 
of  Lacuy,  there  was  an  immense  bed  of  the  Venus 
cosiellata  and  of  an  oyster,  lying  on  the  summit-edge 
of  a  piece  of  table  land,  350  feet  (by  the  barometer) 
above  the  level  of  the  sea.  The  shells  were  closely 
packed  together,  embedded  in  and  covered  by,  a  very 
black,  damp  peaty  mould,  two  or  three  feet  in  thick- 
ness, out  of  which  a  forest  of  great  trees  was  growing. 
Considering  the  nature  and  dampness  of  this  peaty  soil, 
it  is  surprising,  that  the  fine  ridges  on  the  outside  of 
the  Venus  are  perfectly  preserved,  though  all  the 
shells  have  a  blackened  appearance.  I  did  not  doubt 
that  the  black  soil,  which,  when  dry,  cakes  hard,  was 
entirely  of  terrestrial  origin,  but  on  examining  it  nnder 
the  microscope,  I  found  many  very  minute  rounded 
fragments  of  shells,  amongst  which  I  could  distinguish 
bits  of  serpuIaB  and  mussels.  The  Venus  costeUaia^ 
and  the  ostrea  (0.  edulis,  according  to  Captain  Eang) 
are  now  the  conmionest  shells  in  the  adjoining  bav^. 
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In  a  bed  of  shells,  a  few  feet  below  the  350  feet  bed,  I 
fonnd  a  horn  of  the  little  Cerws  humilis^  which  now 
inhabits  Chiloe. 

The  eastern  or  inland  side  of  Chiloe,  with  its  many 
adjacent  islets,  consists  of  tertiary  and  boulder  deposits, 
worn  into  irregular  plains  capped  by  gravel.  Near 
Castro,  and  for  ten  miles  southward,  and  on  the  islet  of 
Lemuy,  I  found  the  surface  of  the  ground  to  a  height 
of  between  twenty  and  thirty  feet  above  high-water 
mark,  and  in  several  places  apparently  up  to  fifty  feet, 
thickly  coated  by  much  comminuted  shells,  chiefly  of 
the  Venus  costellata  and  MytUus  Chiloensis',  the 
species  now  most  abundant  on  this  line  of  coast.  As 
the  inhabitants  carry  immense  numbers  of  these  shells 
inland,  the  continuity  of  the  bed  at  the  same  height 
was  often  the  only  means  of  recognising  its  natural 
origin.  Near  Castro,  on  each  side  of  the  creek  and 
rivulet  of  the  Gamboa,  three  distinct  terraces  are  seen : 
the  lowest  was  estimated  at  about  150  feet  in  height, 
and  the  highest  at  about  500  feet,  with  the  country 
irregularly  rising  behind  it;  obscure  traces,  also,  of 
these  same  terraces  could  be  seen  along  other  parts  of 
the  coast.  There  can  be  no  doubt  that  their  three 
escarpments  record  pauses  in  the  elevation  of  the 
island.  I  may  remark  that  several  promontories  have 
the  word  Huapi,  which  signifies  in  the  Indian  tongue, 
island,  appended  to  them,  such  as  Huapilinao,  Huapi- 
lacuy,  Caucahuapi,  etc. ;  and  these,  according  to  Indian 
traditions,  once  existed  as  islands.  In  the  same  manner 
the  term  Pulo  in  Sumatra  is  appended  ^  to  the  names 
of  promontories,  traditionally  said  to  have  been  islands ; 
in  Sumatra,  as  in  Chiloe,  there  are  upraised  recent 
shells.    The  Bay  of  Carelmapu,  on  the  mainland  north 

>  Harsden's  <  Somatra,'  p.  81. 
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of  Chiloe.  ancordlni?  to  Aaruerr'-s/  waa  m  1643  a  good 
harbour;  it  is  now  quite  ascites.'?,  except  tor  boats. 

W'lJdiiruL. — I  did  not  obserre  here  any  distinct  proofs 
of  recent  elevation ;  but  in  a  bed  of  verv  soft  sandstone, 
forming  a  fringe-like  plain,  nhmt  sixty  feet  in  height, 
round  the  hilld  of  mica-alate.  there  are  shells  of  Mytilns, 
Cr'^'pidula,  Solen,  Novaculina,  and  Cythenea,  too  im- 
perfrrc-t  to  be  specifically  reci.gnlsed.  At  Imperial, 
seventy  miles  north  of  Valdivia,  Ajiierros*  states  that 
th^re  are  large  b^ids  of  ahelU,  at  a  cunsiderable  distance 
from  the  coast,  which  are  burnt  for  lime.  The  island 
of  M.'icha,  lying  a  little  north  of  Imperial,  was  uplifted 
two  feet,'  during  the  earthquake  of  1 535. 

Cr/ncepcif/ri. — I  cannot  add  anything  to  the  excellent 
account  by  Captain  FitzRoy*  of  the  elevation  of  the 
l.'ind  at  this  place,  which  accompanied  the  earthquake 
of  Wyo.  I  will  only  recall  to  the  recollection  of 
gf'ologi.st.s,  that  the  southern  end  of  the  island  of  St. 
Mary  wfis  uplifted  eight  feet,  the  central  part  nine,  and 
tho  nortlifrn  end  ten  feet;  and  the  whole  island  more 
than  the  surrounding  districts.  Great  beds  of  mussels, 
patrlhu,  and  chitons  still  adhering  to  the  rocks  were 
uprai.s(Hl  alx>vo  high-water  mark ;  and  some  acres  of  a 
rocky  flat,  which  was  formerly  always  covered  by  the 
6(ia,  was  lefb  standing  dry,  and  exhaled  an  offensive 
snioU,  from  the  many  attached  and  putrefying  shells. 

'  «  DrMcriiM-ion  Hist,  de  la  Provincia  de  Chilo6,*  p.  78.  From  the 
nooount  given  by  tho  old  Spanisli  writers,  it  would  appear  that  several 
oMht  hiirbourn,  between  this  point  and  Concepcion,  were  formerlj 
nuu^h  dr(!|K'r  tlum  th(iy  now  are. 

"  •  I>rH(!ripc.  IliHt.'  p.  26. 

■  '  Voyii^r,.8  of  Adventure  and  Beagle/  vol.  li.  p.  415. 

*  Ibiil.  \o\.  ii.  p.  412  et  *eq.  In  vol.  v.  (p.  601)  of  the  'Geolo- 
^ioal  TranNtiotionB,'  I  have  given  an  account  of  the  remarkable  vol- 
04iiiio  plienMinonii,  whicli  accompanied  this  earthquake.  These 
phtMioinona  apiHuir  to  mo  to  prove  that  the  action,  by  which  large 
traoin  of  land  an.>  uplifted,  and  by  which  volcanic  eraptiona 
pioduooil.  U  in  every  respect  identical. 
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It  appears  from  the  researches  of  Capt.  FitzRoy  that 
both  the  island  of  St.  Mary  and  Concepcion  (which  was 
uplifted  only  four  or  five  feet)  in  the  course  of  some 
weeks  subsided,  and  lost  part  of  their  first  elevation. 
I  will  only  add  as  a  lesson  of  caution,  that  round  the 
sandy  shores  of  the  great  Bay  of  Concepcion,  it  was 
most  difficult,  owing  to  the  obliterating  effects  of  the 
great  accompanying  wave,  to  recognise  any  distinct 
evidence  of  this  considerable  upheaval ;  one  spot  must 
be  excepted,  where  there  was  a  detached  rock  which 
before  the  earthquake  had  always  been  covered  by  the 
sea,  but  afterwards  was  left  uncovered. 

On  the  island  of  Quinquina  (in  the  Bay  of  Concep- 
cion), I  found,  at  an  estimated  height  of  400  feet, 
extensive  lavers  of  shells,  mostlv  comminuted,  but  some 
perfectly  preserved  and  closely  packed  in  black  vege- 
table mould ;  they  consisted  of  Concholopas,  Fissurella, 
My  til  us,  Trochus,  and  Balauus.  Some  of  these  layers 
of  shells  rested  on  a  thick  bed  of  bright-red,  dry,  friable 
earth,  capping  the  surface  of  the  tertiary  sandstone, 
and  extending,  as  I  observed  whilst  sailing  along  the 
coast,  for  150  miles  southward :  at  Valparaiso,  we  shall 
presently  see  that  a  similar  red  earthy  mass,  though 
quite  like  terrestrial  mould,  is  really  in  chief  part  of 
recent  marine  origin.  On  the  flanks  of  this  island  of 
Quiriquina,  at  a  less  height  than  the  400  feet,  there 
were  spaces  several  feet  square,  thickly  strewed  with 
fragments  of  similar  shells.  During  a  subsequent  visit 
of  the  Beagle  to  Concepcion,  Mr.  Kent,  the  assistant- 
surgeon,  was  so  kind  as  to  make  for  me  some  measure- 
ments with  the  barometer:  he  found  many  marine 
remains  along  the  shores  of  the  whole  bay,  at  a  height 
of  about  twenty  feet ;  and  from  the  hill  of  Sentinella 
behind  Talcahuano,  at  the  height  of  160  feet,  he  col* 
lected  numerous  shells,  packed  together  close  beneath 
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the  surface  in  black  earth,  consisting  of  two  species 
of  Mytilus,  two  of  Orepidula,  one  of  Concholepas,  of 
Fissurella,  Venus,  Mactra,  Turbo,  Monoceros,  and  the 
Balanus  psittaciis.  These  shells  were  bleached,  and 
within  some  of  the  Balani  other  Balani  were  growing, 
showing  that  they  must  have  long  lain  dead  in  the  sea. 
The  above  species  I  compared  with  living  ones  from 
the  bay,  and  found  them  identical;  but  having  since 
lost  the  specimens,  I  cannot  give  their  names:  this  is 
of  little  importance,  as  Mr.  Broderip  has  examined  a 
similar  collection,  made  during  Capt.  Beechey's  expedi- 
tion, and  ascertained  that  they  consisted  of  ten  recent 
species,  associated  with  fragments  of  Echini,  crabs,  and 
FlustraB;  some  of  these  remains  were  estimated  by 
Lieut.  Belcher  to  lie  at  the  height  of  nearly  a  1,000  feet 
above  the  level  of  the  sea.^  In  some  places  round  the 
bay,  Mr.  Kent  observed  that  there  were  beds  formed 
exclusively  of  the  Mytilus  GhiloensU :  this  species  now 
lives  in  parts  never  uncovered  by  the  tides.  At  con- 
siderable heights,  Mr.  Kent  found  only  a  few  shells; 
but  from  the  summit  of  one  hill,  625  feet  high,  he 
brought  me  specimens  of  the  Concholepas,  Mytilus 
Ohiloensis,  and  a  Turbo.  These  shells  were  softer  and 
more  brittle  than  those  from  the  height  of  164  feet; 
and  these  latter  had  obviously  a  much  more  ancient 
appearance  than  the  same  species  from  the  height  of 
only  twenty  feet. 

Coast  north  of  Ooncepcion. — ^The  first  point  exa- 
mined was  at  the  mouth  of  the  Rapel  (160  miles  N.o  f 
Concepcion  and  sixty  miles  S.  of  Valparaiso),  where  I 
observed  a  few  shells  at  the  height  of  100  feet,  and 
some  barnacles  adhering  to  the  rocks  three  or  four  feet 
above  the  highest  tides:    M.  Gay'  found  here  recent 

'  •  Zoology  of  Capt.  Beechey's  Voyage/  p.  163. 
t  •  Annales  des  Scienc.  Nat.'  Avril  lb33. 
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shells  at  the  distance  of  two  leagues  from  the  shore. 
Inland  there  are  some  wide,  gravel-capped  plains,  inter- 
sected by  many  broad,  flat-bottomed  valleys  (now  carry- 
ing insignificant  streamlets)  with  their  sides  cut  into 
successive  wall-like  escarpments,  rising  one  above 
another,  and  in  many  places,  according  to  M.  Gay, 
worn  into  caves.  The  one  cave  (0.  del  Obispo)  which 
I  examined,  resembled  those  formed  on  many  sea-coasts, 
with  its  bottom  filled  with  shingle.  •  These  inland 
plains,  instead  of  sloping  towards  the  coast,  are  inclined 
in  an  opposite  direction  towards  the  Cordillera,  like  the 
successively  rising  terraces  on  the  inland  or  eastern  side 
of  Chiloe :  some  points  of  granite,  which  project  through 
the  plains  near  the  coast,  no  doubt  once  formed  a  chain 
of  outlying  islands,  on  the  inland  shores  of  which 
the  plains  were  accumulated.  At  Bucalemu,  a  few 
miles  northward  of  the  Rapel,  I  observed  at  the  foot 
and  on  the  summit-edge  of  a  plain,  ten  miles  from  the 
coast,  many  recent  shells,  mostly  comminuted,  but 
some  perfect.  There  were,  also,  many  at  the  bottom  of 
the  great  valley  of  the  Maypu.  At  San  Antonio,  shells 
are  said  to  be  collected  and  burnt  for  lime.  At  the 
bottom  of  a  great  ravine  (Quebrada  Onda,  on  the  road 
to  Casa  Blanca),  at  the  distance  of  several  miles  from 
the  coast,  I  noticed  a  considerable  bed,  composed  ex- 
clusively of  Mesodesma  donaciforme^  Desh.,  lying  on  a 
bed  of  muddy  sand:  this  shell  now  lives  associated 
together  in  great  numbers,  on  tidal  flats  on  the  coast  of 
Child. 

Valpwraiso. 

During  two  successive  years  I  carefully  examined, 
part  of  the  time  in  company  with  Mr.  Alison,  into  all 
the  facts  connected  with  the  recent  elevation  of  this 
neighbourhood.     In  very  many  parts  a  beach  of  broken 
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shells,  about  fonrteen  or  fifteen  feet  above  high-water 
mark,  may  be  observed;  and  at  this  level  the  coast- 
rocks,  where  precipitous,  are  corroded  in  a  band.  At 
one  spot,  Mr.  Alison,  by  removing  some  birds'  dung, 
found  at  this  same  level  barnacles  adhering  to  the  rocks. 
For  several  miles  southward  of  the  bay,  almost  every 
fiat  little  headland,  between  the  heights  of  60  and  230 
feet  (measured  by  the  barometer),  is  smoothly  coated 
by  a  thick  mass  of  comminuted  shells,  of  the  same 
species,  and  apparently  in  the  same  proportional  num- 
bers with  those  existing  in  the  adjoining  sea.  The 
Concholepas  is  much  the  most  abundant,  and  the  best 
preserved  shell;  but  I  extracted  perfectly  preserved 
specimens  of  the  Fissurella  hiradiata^  a  Trochus  and 
Balanus  (both  well  known,  but  according  to  Mr.  Sowerby 
yet  unnamed)  and  parts  of  the  Mytilus  Ghtloensia. 
Most  of  these  shells,  as  well  as  an  encrusting  Nullipora, 
partially  retain  their  colour ;  but  they  are  brittle,  and 
often  stained  red  from  the  underlying  brecciated  mass 
of  primary  rocks ;  some  are  packed  together,  either  in 
black  or  reddish  mould;  some  lie  loose  on  the  bare 
rocky  surfaces.  The  total  number  of  these  shells  is 
immense ;  they  are  less  numerous,  though  still  far  from 
rare,  up  a  height  of  1,000  feet  above  the  sea.  On  the 
summit  of  a  hill,  measured  557  feet,  there  was  a  small 
horizontal  band  of  comminuted  shells,  of  which  many 
consisted  (and  likewise  from  lesser  heights)  of  very 
young  and  small  specimens  of  the  still  living  Con- 
cholepas, Trochus,  Patellae,  Crepidulae,  and  of  Mytilus 
Mayelhinkus  (?) :  *  several  of  these  shells  were  under 
A  quarter  of  an  inch  in  their  greatest  diameter.     My 


'  Mr.  Cuming  informs  me  that  he  docs  not  think  this  species 
identical  with,  though  closely  resembling,  the  trno  M.  Ma^eUanieuM 
of  the  soathcm  and  eastern  coast  of  South  America;  it  lives  abun- 
daotlj  on  the  coast  of  Chile. 
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Bttention  was  called  to  this  circumstance  by  a  native 
fisherman,  whom  I  took  to  look  at  these  shell-beds; 
and  he  ridiculed  the  notion  of  such  small  shells  having 
been  brought  up  for  food ;  nor  could  some  of  the  species 
have  adhered  when  alive  to  other  larger  shells.  On 
another  hill,  some  miles  distant,  and  648  feet  high,  I 
found  shells  of  the  Concholepas  and  Trochus,  perfect, 
though  very  old,  with  fragments  of  Myiilm  Chiloeyisis, 
all  embedded  in  reddish-brown  mould:  I  also  found 
these  same  species,  with  fragments  of  an  Echinus  and 
of  BaJanus  psiUacus,  on  a  hill  1 ,000  feet  high.  Above 
this  height,  shells  became  very  rare,  though  on  a  hill 
1,300  feet  high,'  I  collected  the  Concholepas,  Trochus, 
Fissurella,  and  a  Patella.  At  these  greater  heights  the 
shells  are  almost  invariably  embedded  in  mould,  and 
sometimes  are  exposed  only  by  tearing  up  bushes. 
These  shells  obviously  had  a  very  much  more  ancient 
appearance  than  those  from  the  lesser  heights;  the 
apices  of  the  Trochi  were  often  worn  down ;  the  little 
holes  made  by  borrowing  animals  wei'e  greatly  en- 
larged ;  and  the  Concholepas  was  often  perforated  quite 
through,  owing  to  the  inner  plates  of  shell  having 
scaled  off. 

Many  of  these  shells,  as  I  have  said,  were  packed  in, 
and  were  quite  filled  with,  blackish  or  reddish-brown 
earth,  resting  on  the  granitic  detritus.  I  did  not  doubt 
until  lately  that  this  mould  was  of  purely  terrestrial 
origin,  when  with  a  microscope  examining  some  of  it 
from  the  inside  of  a  Concholepas  from  the  height  of 
about  100  feet,  I  found  that  it  was  in  considerable  part 
composed  of  minute  fragments  of  the  spines,  mouth- 
bones  and  shells  of  Echini,  and  of  minute  fragments, 

'  Measured  by  the  barometer:  the  highest  point  in  the  range 
behind  Valparaiso  I  foand  to  be  1,626  feot  above  the  level  of  th« 
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of  chiefly  very  young  Patellae,  Mytili,  and  other  speciea. 
I  foand  similar  microeoopical  fragments  in  earth  filling 
ap  the  central  orifices  of  some  large  Fissnrelke.  This 
earth  when  crashed  emits  a  sickly  smell,  precisely  like 
that  from  garden-monld  mixed  with  goano.  The  earth 
accidentally  preserved  within  the  shells,  firom  the  greater 
heights,  has  the  same  general  appearance,  bnt  it  is  a 
little  redder ;  it  emits  the  same  smell  when  mbbed,  bnt 
I  was  unable  to  detect  with  certainty  any  marine  remains 
in  it.  This  earth  resembles  in  general  appearance,  as 
before  remarked,  that  capping  the  rocks  of  Qairiquina 
in  the  Bay  of  Concepcion,  on  which  beds  of  sea-shells 
lay.  I  have,  also,  shown  that  the  black,  peaty  soil,  in 
which  the  shells  at  the  height  of  350  feet  at  Chiloe 
were  packed,  contained  many  minute  fragments  of 
marine  animals.  These  facts  appear  to  me  interesting, 
as  they  show  that  soils,  which  would  naturally  be  con- 
sidered of  purely  terrestrial  nature,  may  owe  their  origin 
in  chief  part  to  the  sea. 

Being  well  aware  from  what  I  have  seen  at  Chiloe 
and  in  Tierra  del  Fuego,  that  vast  quantities  of  shells 
are  carried,  during  successive  ages,  far  inland,  where  the 
inhabitants  chiefly  subsist  on  these  productions,  I  am 
bound  to  state  that  at  greater  heights  than  557  feet, 
where  the  number  of  very  young  and  small  shells  proved 
that  they  had  not  been  carried  up  for  food,  the  only 
evidence  of  the  shells  having  been  naturally  left  by  the 
sea,  consists  in  their  invariable  and  uniform  appearance 
of  extreme  antiquity — in  the  distance  of  some  of  the 
places  from  the  coast,  in  others  being  inaccessible  from 
the  nearest  part  of  the  beach,  and  in  the  absence  of 
fresh  water  for  men  to  drink — in  the  shells  ryoi  lying 
in  /i6ap«,— and,  lastly,  in  the  close  similarity  of  the 
soil  in  which  they  are  embedded,  to  that  which  lower 
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down  can  be  nnequivocally  shown  to  be  in  great  part 
formed  from  the  debris  of  the  sea  animals.* 

With  respect  to  the  position  in  which  the  shells  lie, 
I  was  repeatedly  struck  here,  at  Concepcion,  and  at 
other  places,  with  the  frequency  of  their  occurrence  on 
the  summits  and  edges  either  of  separate  hills,  or  of 
little  flat  headlands  often  terminating  precipitously 
over  the  sea.  The  several  above-enumerated  species  of 
Mollusca,  which  are  found  strewed  on  the  surface  of 
the  land  from  a  few  feet  above  the  level  of  the  sea  up 
to  the  height  of  1,300  feet,  all  now  live  either  on  the 
beach,  or  at  only  a  few  fathoms'  depth :  Mr.  Edmonston, 
in  a  letter  to  Prof.  E.  Forbes,  states  that  in  dredging 
in  the  Bay  of  Valparaiso,  he  found  the  common  species 
of  Concholepas,  Pissurella,  Trochus,  Monoceros,  Chi- 
tons, &c.  living  in  abundance  from  the  beach  to  a  depth 
of  seven  fathoms ;  and  dead  shells  occurred  only  a  few 
fathoms  deeper.  The  common  Turriiella  cingulata 
was  dredged  up  living  at  even  from  ten  to  fifteen 
fathoms ;  but  this  is  a  species  which  I  did  not  find  here 
amongst  the  upraised  shells.  Considering  this  fact  of 
the  species  being  all  littoral  or  sub-littoral,  considering 
their  occurrence  at  various  heights,  their  vast  numbers, 
and  their  generally  comminuted  state,  there  can  be 
little  doubt  that  they  were  left  on  successive  beach-lines 

'  In  the  *  ProccediDgs  of  the  Geolog.  Soc'  vol.  ii.  p.  446, 1  have 
given  a  brief  account  of  the  upraised  shells  on  the  coast  of  Chile, 
and  have  there  stated  that  the  proofe  of  elevation  are  not  satisfactory 
above  the  height  of  230  feet.  I  had  at  that  time  unfortunately  over- 
looked a  separate  page  written  during  my  second  visit  to  Valparaiso, 
describing  the  shells  now  in  my  possession  from  the  557  feet  hill ;  I 
had  not  then  unpacked  my  collections,  and  had  not  reconsidered 
the  obvious  appearance  of  greater  antiquity  of  the  shells  from  the 
greater  heights,  nor  had  I  at  that  time  discovered  the  marine  origin  of 
the  earth  in  which  many  of  the  shells  are  packed.  Considering  these 
facts,  I  do  not  now  feel  a  shadow  of  doubt  that  the  sliells,  at  the 
height  of  1,800  feet,  have  been  upraised  by  natural  causes  into  their 
present  position. 

17 
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daring  a  gradual  elevation  of  the  land.  The  presence, 
however,  of  so  many  whole  and  perfectly  preserved 
"shells  appears  at  first  a  difficnlty  on  this  view,  consider- 
ing that  the  coast  is  exposed  to  the  full  force  of  an 
open  ocvan  :  bat  we  may  suppose,  either  that  these 
shells  were  thrown  daring  gales  on  flat  ledges  of  rock 
just  aliove  the  level  of  high-water  mark,  and  that 
during  the  elevation  of  the  land  they  were  never  again 
touched  by  the  waves,  or,  that  daring  earthquakes,  such 
as  those  of  1822,  1835,  and  1837,  rocky  reefs  covered 
with  marine-animals  were  at  one  blow  uplifted  above 
the  future  reach  of  the  sea.  This  latter  explanation  is, 
j>erhaps,  the  most  probable  one  with  respect  to  the  beds 
at  Concepcion  entirely  composed  of  the  Mytilus  Chi* 
loensis^  a  species  which  lives  below  the  lowest  tides; 
and  likewise  with  if^spect  to  tbe  great  beds,  occurring 
both  north  and  south  of  Yalparaiifo,  of  the  Mesodesma 
donacifomie, — a  shell  which,  as  I  am  informed  by  Mr. 
Cuming,  inhabits  sand-banks  at  the  level  of  the  lowest 
tides.  But  even  in  the  c«'ise  of  shells  having  the  habits 
of  this  Mytilus  and  Afesodesma,  beds  of  them,  wherever 
the  sea  gently  throws  up  sand  or  mud,  and  thus  protects 
its  own  accumulations,  might  be  upraised  by  the  slowest 
movement,  and  yet  remain  undibturbed  by  the  waves  of 
each  new  beach-line. 

It  is  worthy  of  remark,  that  nowhere  near  Valparaiso 
above  the  height  of  twenty  feet,  or  rarely  of  fifty  feet, 
I  saw  any  lines  of  erosion  on  the  solid  rocks,  or  any 
beds  of  pebbles ;  this,  I  believe,  may  be  accounted  for 
by  the  disintegrating  tendency  of  most  of  the  rocks  in 
this  ne^ighbourhood.  Nor  is  the  land  here  modelled 
into  terraces:  Mr.  Alison,  however,  informs  me,  tliat 
on  both  sides  of  one  narrow  ravine,  at  the  height  of 
300  feet  above  the  sea,  he  found  a  succession  of  rather 
indistinct  step-formed   beaches,   composed  of   broken 
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shells,  which  together  covered  a  space  of  about  eighty 
feet  vertical. 

I  can  add  nothing  to  the  accounts  already  published 
of  the  elevation  of  the  land  at  Valparaiso/  which  ac- 
companied the  earthquake  of  1822  :  but  I  heard  it 
confidently  asserted,  that  a  sentinel  on  duty,  immedi- 
ately after  the  shock,  saw  a  part  of  a  fort,  which  pre- 
viously was  not  within  the  line  of  his  vision,  and  this 
would  indicate  that  the  uplifting  was  not  horizontal: 
it  would  even  appear  from  some  facts  collected  by  Mr. 
Alison,  that  ouly  the  eastern  half  of  the  bay  was  then 
elevated.  Through  the  kindness  of  this  same  gentle- 
man, I  am  able  to  give  an  interesting  account  of  the 
changes  of  level,  which  have  supervened  here  within 
historical  periods:  about  the  year  1680  a  long  sea-wall 
(or  Prefil)  was  built,  of  which  only  a  few  fragments 
now  remain ;  up  to  the  year  1817,  the  sea  often  broke 
over  it,  and  washed  the  houses  on  the  opposite  side  of 
the  road  (where  the  prison  now  stands) ;  and  even  in 
1819,  Mr.  J.  Martin  remembers  walking  at  the  foot  of 
this  wall,  and  being  often  obliged  to  climb  over  it  to 
escape  the  waves.  There  now  stands  (1834)  on  the 
seaward  side  of  this  wall,  and  between  it  and  the  beach, 
in  one  part  a  single  row  of  houses,  and  in  another  part 
two  rows  with  a  street  between  them.  This  great 
extension  of  the  beach  in  so  short  a  time  cannot  be 
attributed  simply  to  the  accumulation  of  detritus ;  for 
a  resident  engineer  measured  for  me  the  height  between 
the  lowest  part  of  the  wall  visible,  and  the  present 
beach-line  at  spring-tides,  and  the  difference  was  eleven 
feet  six  inches.  The  church  of  S.  Augustin  is  believed 
to  have  been  built  in  1614,  and  there  is  a  tradition  that 

•  Dr.  Meyen  (*  Reise  nm  Erde/  Th.  I.  s.  221)  fonnd  in  1831  sea- 
weed and  other  bodies  still  adliering  to  some  rocks  which  during  the 
fftiock  of  1822  were  lifted  above  the  sea. 
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the  sea  formerly  flowed  very  near  it ;  by  levelling,  its 
foundations  were  found  to  stand  nineteen  feet  six  inches 
above  the  highest  beach-line ;  so  that  we  see  in  a  period 
of  220  years,  the  elevation  cannot  have  been  as  much 
as  nineteen  feet  six  inches.  From  the  facts  given  with 
respect  to  the  sea-wall,  and  from  the  testimony  of  the 
elder  inhabitants,  it  appears  certain  that  the  change  in 
level  began  to  be  manifest  about  the  year  1817.  The 
only  sudden  elevation  of  which  there  is  any  record 
occurred  in  1822,  and  this  seems  to  have  been  less  than 
three  feet.  Since  that  year,  I  was  assured  by  several 
competent  observers,  that  part  of  an  old  wreck,  which 
is  firmly  embedded  near  the  beach,  has  sensibly 
emerged ;  hence  here,  as  at  Chiloe,  a  slow  rise  of  the 
land  appears  to  be  now  in  progress.  It  seems  highly 
probable  that  the  rocks  which  are  corroded  in  a  band 
at  the  height  of  fourteen  feet  above  the  sea  were  acted 
on  during  the  period,  when  by  tradition  the  base  of 
S.  Augustin  church,  now  nineteen  feet  six  inches  above 
the  highest  water-mark,  was  occasionally  washed  by 
the  waves. 

Valpm-aiso  to  Coquimho, — For  the  first  seventy- 
five  miles  north  of  Valparaiso  I  followed  the  coast-road, 
and  throughout  this  space  I  observed  innumerable 
masses  of  upraised  shells.  About  Quintero  there  are 
immense  accumulations  (worked  for  lime)  of  the  Meso^ 
desma  donaciforme,  packed  in  sandy  earth,  they  abound 
chiefly  about  fifteen  feet  above  high-water,  but  shells 
are  here  found,  according  to  Mr.  Miers,*  to  a  height  of 
500  feet,  and  at  a  distance  of  three  leagues  from  the 
coast :  I  here  noticed  barnacles  adhering  to  the  rocks 
three   or  four  feet  above  the  highest  tides.     In  the 

*  •  Travels  in  Chile/  vol.  i.  pp.  458, 395.  I  received  several  similar 
accounts  from  the  inhabitants,  and  was  assured  that  there  axe  manj 
Bhells  on  the  plain  of  Casa  Blanca,  between  Valparaiso  and  Santiago, 
at  the  height  of  800  feet. 
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neighboarhood  of  Plazilla  and  Gatapilco,  at  heights  of 
between  200  and  300  feet,  the  number  of  comminuted 
shells,  with  some  perfect  ones,  especially  of  the  Meso- 
desma,  packed  in  layers,  was  truly  immense  :  the  land 
at  Plazilla  had  evidently  existed  as  a  bay,  with  abrupt 
rocky  masses  rising  out  of  it,  precisely  like  the  islets  in 
the  broken  bays  now  indenting  this  coast.  On  both 
sides  of  the  rivers  Ligua,  Longotomo,  Guachen,  and 
Quilimari,  there  are  plains  of  gravel  about  200  feet  in 
height,  in  many  parts  absolutely  covered  with  shells. 
Close  to  Conchalee,  a  gravel-plain  is  fronted  by  a  lower 
and  similar  plain  about  sixty  feet  in  height,  and  this 
again  is  separated  from  the  beach  by  a  wide  tract  of 
low  land :  the  surfaces  of  all  three  plains  or  terraces 
were  strewed  with  vast  numbers  of  the  Concholepas, 
Mesodesma,  an  existing  Venus,  and  other  still  existing 
littoral  shells.  The  two  upper  terraces  closely  re^semble 
in  miniature  the  plains  of  Patagonia ;  and  like  them 
are  furrowed  by  dry,  flat-bottomed,  winding  valleys. 
Northward  of  this  place  I  turned  inward ;  and  therefore 
found  no  more  shells  :  but  the  valleys  of  Chuapa,  Illapel, 
and  Limari,  are  bounded  by  gravel-capped  plains,  often 
including  a  lower  ten-ace  within.  These  plains  send 
bay-like  arms  between  and  into  the  surrounding  hills; 
and  they  are  continuously  united  with  other  extensive 
gravel-capped  plains,  separating  the  coast  mountain- 
ranges  from  the  Cordillera. 

Goquvmho. 

A  narrow  fringe-like  plain,  gently  inclined  towards 
the  sea,  here  extends  for  eleven  miles  along  the  coast, 
with  arms  stretching  up  between  the  coast-mountains, 
and  likewise  up  the  valley  of  Coquimbo :  at  its  southern 
extremity  it  is  directly  connected  with  the  plain   of 
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Limari,  out  of  which  hills  abruptly  rise  like  islets,  and 
other  hills  project  like  headlands  on  a  coast.  The 
surface  of  the  fringe-like  plain  appears  level,  but  differs 
insensibly  in  height,  and  greatly  in  composition,  in 
diflTerent  parts. 

At  the  mouth  of  the  valley  of  Coquimbo,  the  surface 
consists  wholly  of  gravel,  and  stands  from  300  to  350 
feet  above  the  level  of  the  sea,  being  about  100  feet 
higher  than  in  other  parts.  In  these  other  and  lower 
parts,  the  superficial  beds  consist  of  calcareous  matter, 
and  rest  on  ancient  tertiary  deposits  hereafter  to  be 
described.  The  uppermost  calcareous  layer  is  cream- 
coloured,  compact,  smooth-fractured,  sub-stalactiform, 
and  contains  some  sand,  earthy  matter,  and  recent  shells. 
It  lies  on,  and  sends  wedge-like  veins  into,*  a  much 
more  friable,  calcareous,  tuff-like  variety;  and  both 
rest  on  a  mass  about  twenty  feet  in  thickness,  formed 
of  fragments  of  recent  shells,  with  a  few  whole  ones, 
and  with  small  pebbles  firmly  cemented  together.  This 
latter  rock  is  called  by  the  inhabitants  fosa,  and  is  nsed 
for  building;  in  many  parts  it  is  divided  into  strata, 
which  dip  at  an  angle  of  ten  degrees  seaward,  and  ap- 
pear as  if  they  had  originally  been  heaped  in  successive 
layers  (as  may  be  seen  on  coral-reefs)  on  a  steep  beach. 
This  stone  is  remarkable  from  being  in  parts  entirely 
formed  of  empty,  pellucid  capsules  or  cells  of  calcareous 
matter,  of  the  size  of  small  seeds  :  a  series  of  specimens 
unequivocally  showed  that  all  these  capsules  once  con- 
tained minute  rounded  fragments  of  shells  which  have 

*  In  many  respects  this  upper  hard,  and  the  underlying  more 
friable  varieties,  resemble  the  great  snprTficial  beds  at  King  George'd 
Hound  in  Australia,  which  1  have  described  in  Chapter  VII.  p.  161. 
There  could  bo  little  doubt  that  the  upper  layers  there  have  been 
hardened  by  the  action  of  rain  on  the  friable  calcareous  matter,  and 
that  the  whole  mass  has  originated  in  the  decay  of  minutely  commii- 
natod  sea-shells  and  corals. 
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since  been    gradually  dissolved  by  water  percolating 
through  the  mass.^ 

The  shells  embedded  in  the  calcareous  beds  forming 
the  surface  of  this  fringe-like  plain,  at  the  height  of 
from  200  to  250  feet  above  the  sea,  consist  of, 


1.  V  enns  opaca. 

2.  Mulinia  ByroneDsis. 
8.  Pecten  purpuratas. 

4.  Mesodesma  donaciforme. 

5.  Tniritella  cingulata. 


6.  Monocerofl  costatum. 

7.  OoDcholepas  Peruviana. 

8.  Trochus  (common  Valpa- 

raiso species). 

9.  Calyptrsea  Byronensis. 


Although  these  species  are  all  recent,  and  are  all 
found  in  the  neighbouring  sea,  yet  I  was  particularly 
struck  with  the  difierence  in  the  proportional  numbers 
of  the  several  species,  and  of  those  now  cast  up  on  the 
present  beach.  I  found  only  one  specimen  of  the  Con- 
cholepas,  and  the  Pecten  was  very  rare,  though  both 
these  shells  are  now  the  commonest  kinds,  with  the 
exception,  perhaps,  of  the  Calyptrcea  radians,  of  which 
I  did  not  find  one  in  the  calcareous  beds.  I  will  not 
pretend  to  determine  how  far  this  difference  in  the 
proportional  numbers  depends  on  the  age  of  the  deposit, 
and  how  far  on  the  difierence  in  nature  between  the 
present  sandy  beaches  and  the  calcareous  bottom,  on 
which  the  embedded  shells  must  have  lived. 

On  the  bare  surface  of  the  calcareous  plain,  or  in  a 
thin  covering  of  sand,  there  were  lying  at  a  height  from 
200  to  252  feet,  many  recent  shells,  which  had  a  much 
fresher  appearance  than  the  embedded  ones :  fragments 
of  the  Concholepas,  and  of  the  common  Mytilus,  still 
retaining  a  tinge  of  its  colour,  were  numerous,  and 
altogether  there  was  manifestly  a  closer  approach  in 
proportional  numbers  to  those  now  lying  on  the  beach. 
In  a  mass  of  stratified,  slightly  agglutinated  sand,  which 
in  some  places  covers  up  the  lower  half  of  the  seaward 

'  I  have  already  had  occasion  to  describe  this  rock  in  Chapter  VII. 
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escarpment  of  the  plain,  the  included  shells  appeared  to 
be  in  exactly  the  same  proportional  numbers  with  those 
on  the  beach.  On  one  side  of  a  steep-sided  ravine, 
cutting  through  the  plain  behind  Herradura  Bay,  I 
observed  a  narrow  strip  of  stratified  sand,  containing 
similar  shells  in  similar  propi^rtional  numbers :  a  section 
of  the  ravine  is  represented  in  the  following  diagram, 
which  senses  also  to  show  the  general  composition  of  the 
plain.  I  mention  this  case  of  the  ravine  chiefly  because 
without  the  evidence  of  the  mariuQ^  shells  in  the  sand, 
any  one  would  have  supposed  that  it  had  been  hollowed 
out  by  simple  alluvial  action. 
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Section  of  Plain  of  Coqoimbo. 
B  Suzfanf  of  plain  252  feet  aborc  ma. 

Ltrrel  i)f  wa. 

A.  Stratiflc<l  jumrl,  with  recent  shells  in  some  proportions  as  on  tbe  beach,  half  filling 

up  a  ravine. 

B.  Surfitco  uf  pL-iiri  with  scattered  shells  In  nearly  same  proportions  as  on  tbe  beach. 

C.  Up(>er  cAlcarv«iU4  bed.  1  with  recent  shellA,  but  not  in  same  propor- 

D.  Lower  oalcantiUH  sanrly  b«il  ( T»sa),  i       tions  as  on  the  beach. 

K.  Upper  forniLriiio-samly  ol<l  tertiary  stratonx,   >    with  all,  or  nearly  all,  extinct 
F.  Lower  oM  tertiary  stratum.  j         shdls. 

The  escarpment  of  the  fringre-like  plain,  which 
stretches  for  eleven  miles  along  the  coast,  is  in  some 
parts  fronted  by  two  or  three  narrow,  step-formed  ter- 
races, one  of  which  at  Herradura  Bay  expands  into  a 
small  plain.  Its  surface  was  there  formed  of  gravel, 
cemented  to^^ether  by  calcartn^us  matter ;  and  out  of  it 
r  extracted  the  following  recent  shells,  which  are  in 
a  more  perfect  condition  than  those  from  the  upper 
plain : — 
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1.  Galyptnea  radians. 

2.  Turritella  cingulata. 

3.  Oliva  Peraviana. 

4.  Murex  labiosos,  var. 

5.  Kassa  (identical  with  a  living 
species). 

6.  Solen  Dombeiana. 

7.  Pecten  purpnratns. 

8.  Yenns  Chilensis. 


9.  Aropbidesma  nig^losam.  The 
small  irregolar  wrinkles  of  tlie 
posterior  part  of  this  shell  are 
rather  stronger  than  in  the 
recent  specimens  of  this  species 
from  Coquimbo.  (G.  B. 
Bowerby.) 

10.  Balanus  (identical  with  liT« 
ing  species). 


On  the  syenitic  ridge,  which  forms  the  southern 
boundary  of  Herradura  Bay  and  Plain,  I  found  the 
Concholepas  and  Turritella  cingulata  (mostly  in  frag- 
ments), at  the  height  of  242  feet  above  the  sea.  I  could 
not  have  told  that  these  shells  had  not  formeriy  bean 
brought  up  by  man,  if  I  had  not  found  one  very  small 
mass  of  them  cemented  together  in  a  friable  calcareous 
tuff.  I  mention  this  fact  more  particularly,  because  I 
carefully  looked,  in  many  apparently  favourable  spots 
at  lesser  heights  on  the  side  of  this  ridge,  and  could  not 
find  even  the  smallest  fragment  of  a  shell.  This  is  only 
one  instance  out  of  many,  proving  that  the  absence  of 
sea-shells  on  the  surface,  though  in  many  respects  inex- 
plicable, is  an  argument  of  very  little  weight  in  opposi- 
tion to  other  evidence  on  the  recent  elevation  of  the 
land.  The  highest  point  in  this  neighbourhood  at  which 
I  found  upraised  shells  of  existing  species  was  on  an 
inland  calcareous  plain,  at  the  height  of  252  feet  above 
the  sea. 

It  would  appear  from  Mr.  Caldcleugh's  researches,* 
that  a  rise  has  taken  place  here  within  the  last  century 
and  a  half;  and  as  no  sudden  change  of  level  has  been 
observed  during  the  not  very  severe  earthquakes,  which 
have  occasionally  occurred  here,  the  rising  has  probably 
been  slow,  like  that  now,  or  quite  lately,  in  progress  at 
Chiloe  and  at  Valparaiso :  there  are  three  well-known 
rocks,  called  the  Pelicans,  which  in  1710,  according  to 


*  *  Pft>oeeding8  of  the  Geological  Society/  vol.  ii.  p.  446. 
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Feoill^e,  were  d  fleur  dCeaUy  but  now  are  said  to  stand 
twelve  feet  above  low-  water  mark :  the  spring-tides  rise 
here  only  five  feet.  There  is  another  rock,  now  nine 
feet  above  high-water  mark,  which  in  the  time  of  Frezier 
and  of  Feuill^e  rose  only  five  or  six  feet  out  of  water. 
Mr.  Caldcleugh,  I  may  add,  also  shows  (and  I  received 
similar  accounts)  that  there  has  been  a  considerable 
decrease  in  the  souudings  during  the  last  twelve  years 
in  the  Bays  of  Coquimbo,  Concepcion,  Valparaiso,  and 
Gaasco ;  but  as  in  these  cases  it  is  nearly  impossible  to 
distinguish  between  the  accumulation  of  sediment  and 
the  upheavement  of  the  bottom,  I  have  not  entered  into 
any  details. 

Valley  of  Coquimbo, — ^The  narrow  coast-plain  sends, 
as  before  stated,  an  arm,  or  more  correctly  a  fringe  on 
both  sides,  but  chiefly  on  the  southern  side,  several 
miles  up  the  valley.  These  fringes  are  worn  into  steps 
or  terraces,  which  present  a  most  remarkable  appear- 
ance, and  have  been  compared  (though  not  very  cor- 
rectly) by  Capt.  Basil  Hall,  to  the  parallel  roads  of  Glen 
Roy  in  Scotland  :  their  origin  has  been  ably  discussed 
by  Mr.  Lyell.*  The  first  section  which  I  will  give,  is 
not  drawn  across  the  valley,  but  in  an  east  aud  west 

No.  23. 

Bast  and  West  Section  throngh  the  Terraces  at  Coquimbo,  where  they  deboucli 

from  ttio  Valley,  aud  front  the  Sea. 

304  let  W 

^v ^       D.  (C.) 

V 120  feot  (B.)  r  A  ^ 

N I.-I: ,      70feet.  ^^ 


U-Tcl  of  !»ea.  Town  of  Coquimbo.  ^ 

Vertical  scale  ^^th  of  inch  to  100  feet :  horizontal  scale  much  contracted. 

line  at  its  mouth,  where  the  step-formed  terraces  de- 
bouch and  present  their  very  gently  inclined  surfaces 
towards  the  Pacific. 


I  • 
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The  bottom  plain  (A)  is  abont  a  mile  in  width,  and 
rises  quite  insensiblj-  from  the  beach  to  a  height  of 
twenty-five  feet  at  the  foot  of  the  next  plain  :  it  is  sandy, 
and  abundantly  strewed  with  shells. 

Plain  or  terrace  (B)  is  of  small  extent,  and  is  almoet 
concealed  by  the  houses  of  the  town,  as  is  likewise  the 
escarpment  of  terrace  (C).  On  both  sides  of  a  ravine, 
two  miles  south  of  the  town,  there  are  two  little  tor- 
races,  one  above  the  other,  evidently  corresponding  with 
(B)  and  (C)  ;  and  on  them  marine  remains  of  the  species 
already  enumerated  were  plentiful.  Terrace  (E)  is  very 
narrow,  hut  quito  distinct  and  level ;  a  little  southward 
«f  the  town  there  were  traces  of  a  terrace  (D)  inter- 
mediate between  (E)  and  (C).  Terrace  (P)  is  part  of 
the  fringe-like  plain,  which  stretehes  For  the  eleven 
miles  along  the  coast ;  it  is  here  composed  of  shingle, 
and  is  100  feet  higher  than  where  competed  of  calca- 
reous matter.  This  greater  height  is  obviously  due  to 
the  quantity  of  shingle,  which  at  some  former  period 
has  been  brought  down  the  great  valley  of  Coquimbo. 

Considering  the  many  sholla  strewed  over  the  ter- 
races (A)  (B)  and  (C),  and  a  few  miles  southward  on 
the  calcareous  plain,  which  is  coutinuously  united  with 
the  upper  step-lite  plain  (F),  there  cannot,  I  apprehend, 
be  any  doubt,  that  these  sii  terraces  have  been  formed 
by  the  action  of  the  sea ;  and  that  their  five  escarp- 
ments mark  so  many  periods  of  comparative  rest  in  the 
elevatory  movement,  during  which  the  sea  wore  into 
the  land.  The  elevation  between  these  periods  may 
have  been  sudden  and  on  an  averatje  not  more  than 
seventy-two  feet  each  time,  or  it  may  have  been  gradual 
and  insensibly  slow.  From  the  shells  on  the  three 
lower  terraces,  and  on  the  upper  one,  and  I  may  add  on 
the  three  gravel-capped  terraces  at  Conchalee,  being  all 
littoral  and  sub-littoral  species,  and  &om  the  analogical 
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facts  given  at  Valparaiso,  and  lastly  from  the  evidence 
of  a  slow  rising  lately  or  still  in  progress  here,  it  appears 
to  me  far  more  probable,  that  the  movement  has  been 
slow.  The  existence  of  these  saccessive  escarpments, 
or  old  cliff-lines,  is  in  another  respect  highly  instructive, 
for  they  show  periods  of  comparative  rest  in  the  eleva- 
tory  movement,  and  of  denudation,  which  woald  never 
even  have  been  suspected  from  a  close  examination  of 
many  miles  of  coast  southward  of  Coquimbo. 

We  come  now  to  the  terraces  on  the  opposite  sides 
of  the  east  and  west  valley  of  Coquimbo :  the  following 
section  is  taken  in  a  north  and  south  line  across  the 
valley  at  a  point  about  three  miles  from  the  sea.  The 
valley  measured  from  the  edges  of  the  escarpments  of 
the  upper  plain  (F)  (F)  is  about  a  mile  in  width ;  but 
from  the  bases  of  the  bounding  mountains  it  is  from 
three  to  four  miles  wide.  The  terraces  marked  with 
an  interrogative  do  not  exist  on  that  side  of  the  valley, 
but  are  introduced  merely  to  render  the  diagram  more 
intelligible. 
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Korth. 


Korth  and  South  Section  across  the  Valley  of  Coqnixnbo. 


Level  of  sea. 


Vertical  scale  ^th  of  inch  to  100  feet :  horizontal  scale  much  contracted :  terraces 
marked  witn  (?)  do  not  occur  on  tliat  side  of  the  ralley,  and  are  introduced  only 
to  make  the  diat^ram  more  intelligible.  A  rirer  and  bottom-plain  of  ralley  C,  B, 
and  F,  on  the  'Oiith  side  of  valley,  are  respectively,  197,  377,  and  430  feet  abore 
the  ierel  of  the  \ 


B 


A  A.  The  bottom  of  the  valley,  believed  to  be  100  feet  above  the  sea :  it  la  continu- 
ously united  with  the  lowest  plain  (A)  of  the  former  section. 
This  terrace  higher  up  the  vaUev  expands  considerably  ;  seaward  it  is  soon  loat, 
ltd  escarpment  being  united  with  that  of  (G)  :  it  is  not  developed  at  all  on  the 
south  side  of  the  v^ey. 

This  terrace  like  the  last,  is  considerably  expanded  higher  up  the  valley.    Thooe 
two  terraces  apparently  correspond  with  (U)  and  (C;  of  the  former  section, 
is  not  well  developed  in  the  line  of  this  section  ;  but  seaward  it  expands  into  * 
plain  :  it  is  not  present  on  the  south  side  of  the  valley  ;  but  it  is  met  with,  ai 
stated  under  the  former  section,  a  little  south  of  the  town. 
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B  is  wen  dereloped  on  the  loatta  side,  but  absent  on  the  north  side  of  the  -nWvj  \ 
thongh  not  oontinnonslj  united  with  (E)  of  the  former  tection,  it  apparently 
oorresponda  with  it. 

F  Thij  ij  the  nirface-plain,  and  is  continnoosly  united  with  that  whioh  itretohet 
like  a  fringe  along  the  ooast.  In  ascending  the  Talley  it  gradually  beoomes 
narrower,  and  is  at  last,  at  the  distance  of  about  ten  miles  ftom  the  sea,  reduced 
to  a  row  of  flat-topped  piatches  on  the  sides  of  the  mountains.  None  of  the  lower 
terraces  extend  so  far  up  the  ralley. 

These  five  terraces  are  formed  of  shingle  and  sand ; 
three  of  them,  as  marked  by  Capt.  Basil  Hall  (namely, 
B,  C,  and  F),  are  much  more  conspicaous  than  the  others. 
From  the  marine  remains  copiously  strewed  at  the 
month  of  the  valley  on  the  lower  terraces,  and  south- 
ward of  the  town  on  the  upper  one,  they  are,  as  before 
remarked,  undoubtedly  of  marine  origin ;  but  within 
the  valley,  and  this  fact  well  deserves  notice,  at  a  dis- 
tance of  from  only  a  mile  and  a  half  to  three  or  four 
miles  from  the  sea,  I  could  not  find  even  a  fragment  of 
a  shell. 

On  the  inclination  of  the  terraces  of  Coquiwho^ 
and  on  the  upper  and  basal  edges  of  their  escarpments 
not  being  horizontal, — The  surfaces  of  these  terraces 
slope  in  a  slight  degree,  as  shown  by  the  last  two  sections 
taken  conjointly,  both  towards  the  centre  of  the  valley, 
and  seawards  towards  its  mouth.  This  double  or 
diagonal  inclination,  which  is  not  the  same  in  the 
several  terraces,  is,  as  we  shall  immediately  see,  of 
simple  explanation.  There  are,  however,  some  other 
points  which  at  first  appear  by  no  means  obvious, — 
namely,  first,  that  each  terrace,  taken  in  its  whole 
breadth  from  the  summit-edge  of  one  escarpment  to 
the  base  of  that  above  it,  and  followed  up  the  valley,  is 
not  horizontal ;  nor  have  the  several  terraces,  when 
followed  up  the  valley,  all  the  same  inclination ;  thus 
I  found  the  terraces  0,  E,  and  F,  measured  at  a  point 
about  two  miles  from  the  mouth  of  the  valley,  stood 
severally  between  fifty-six  to  seventy-seven  feet  higher 
than  at  the  mouth.      Again,  if  we  look  to  any  one  line 
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of  cliff  or  ej?oarpTnenty  neither  its  snmmit-edj^  nor  its 
fca»i  id  horlzontaL  Oa  the  th»?OTv  of  the  terraces  having 
been  torm-rd  d  irinz  a  slow  and  equable  rise  of  the  land, 
irith  as  manv  intervals  of  rest  as  there  are  escarpments, 
it  app>-ar?  at  ^r^X  very  surprising  that  horizontal  lines 
of  some  kind  should  not  have  been  left  on  the  land. 

The  direction  of  th-*  diag»5nal  inclination  in  the 
different  terraces  beinj?  ditf-^i^nt, — in  some  being  direc- 
ted more  towards  the  middle  of  the  vallev,  in  others 
more  towards  its  moath, — natarallv  follows  on  the 
view  of  each  terrace,  being  an  accamalation  of  successive 
beach-lines  round  bavs,  which  must  have  been  of  dif- 
ferent  forms  and  ??ize^  when  the  land  stood  at  different 
levels :  for  if  we  lo  jk  to  the  actual  beach  of  a  narrow 
crffffk,  its  slope  is  directly  towards  the  middle;  whereas, 
in  an  op**n  bay,  or  sliirht  concavity  on  a  coast,  the  slope 
is  towards  the  mouth,  that  is,  almost  directly  seaward ; 
hence  as  a  bav  alters  in  form  and  size,  so  will  the  direc- 
tion  of  the  inclination  of  its  successive  beaches  become 
changed. 

If  it  were  possible  to  trace  any  one  of  the  many 
boftch-linf\s,  composing  each  sloping  terrace,  it  would 
of  course  Ijo  horizontal ;  but  the  only  lines  of  demarca- 
tion are  the  sumtnit  and  basal  edges  of  the  escarpments. 
Now  the  suminitz-edgo  of  one  of  these  escarpments 
marks  the  furthest  line  or  point  to  which  the  sea  has 
cut  into  a  mass  of  gravel  sloping  seaward ;  and  as  the 
Rc»a  will  generally  have  greater  power  at  the  mouth  than 
at  tlio  protect(»d  head  of  a  bay,  so  will  the  escarpment 
at  tlio  mouth  be  cut  deeper  into  the  land,  and  its 
HU  mm  it-edge  be  higher ;  consequently  it  will  not  be 
liori/ontal.  With  respect  to  the  basal  or  lower  edges 
of  the  (»Hcarpmonts,  from  picturing  in  one's  mind  ancient 
bays  enfiroJij  surrounded  at  successive  periods  by  cliff- 
formed  shores,  one's  first  impression  is  that  they  at  least 
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necessarily  must  be  horizontal,  if  the  elevation  has  been 
horizontal.  But  here  is  a  fallacy :  for  after  the  sea  has, 
during  a  cessation  of  the  elevation,  worn  cliffs  all  round 
the  shores  of  a  bay,  when  the  movement  recommences, 
and  especially  if  it  recommences  slowly,  it  might  well 
happen  that,  at  the  exposed  mouth  of  the  bay,  the 
waves  might  continue  for  some  time  wearing  into  the 
land,  whilst  in  the  protected  and  upper  parts  successive 
beach-lines  might  be  accumulating  in  a  sloping  surface 
or  terrace  at  the  foot  of  the  cliffs  which  had  been  lately 
reached :  hence,  supposing  the  whole  line  of  escarpment 
to  be  finally  uplifted  above  the  reach  of  the  sea,  its 
basal  line  or  foot  near  the  mouth  will  run  at  a  lower 
level  than  in  the  upper  and  protected  parts  of  the  bay ; 
consequently  this  basal  line  will  not  be  horizontal.  And 
it  has  already  been  shown  that  the  summit-edges  of 
each  escarpment  will  generally  be  higher  near  the 
mouth  (from  the  seaward  sloping  land  being  there  most 
exposed  and  cut  into)  than  near  the  head  of  the  bay ; 
therefore  the  total  height  of  the  escarpments  will  be 
greatest  near  the  mouth ;  and  further  up  the  old  bay 
or  valley  they  will  on  both  sides  generally  thin  out  and 
die  away:  I  have  observed  this  thinning  out  of  the 
successive  escarpment  at  other  places  besides  Coquimbo ; 
and  for  a  long  time  I  was  quite  unable  to  understand 
its  meaning.  The  following  rude  diagram  will  perhaps 
render  what  I  mean  more  intelligible ;  it  represents  a 
bay  in  a  district  which  has  begun  slowly  rising.  Before 
the  movement  commenced,  it  is  supposed  that  the 
waves  had  been  enabled  to  eat  into  the  land  and  form 
cliffs,  as  far  up,  but  with  gradually  diminishing  power, 
as  the  points  A  A:  after  the  movement  had  commenced 
and  gone  on  for  a  little  time,  the  sea  is  supposed  still  to 
have  retained  the  power,  at  the  exposed  mouth  of  the 
bay,  of  cutting  down  and  into  the  land  as  it  slowly 
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le  qiianriry  of  detritta 
.E.^«?i!":rntlj  I-jw  lat'l  was 
r  '.in-i  -vas  tmed  dcrinff 
aiirtin.-'i  will  ffencly  slope 
l1  sides.  Now.  l->t  na 
not  Ki  tr.iii^  The  diaaram  more  com- 
'  or^r-rer;-?'!  i::*o  a  vall^r:  the  basal 
lir.r:  'if  r.h^  cl.rfs  wl"i  ■".:"  ty.'^r'w  -e  horizontal,  af  &r  as 
th%  beach  is  now  iA*-n  es:er,-:;:iz  is  :he  dioCTam ;  bat 
i:.  th^  tipt.-r  p-iiT  of  the  Ti.'e^.  *iii  line  will  b^  hiirher, 
th-;  i^v",  of  t-L-  fiUtrc:  barine  bern  niised  whilst  the 
low  ',AiA  was  acc'imr;:atine  ai  the  f..ot  of  the  inland 
cliifa.  If;  ini!tf-a'l  of  the  baj  in  the  diagrani  beiog 
sinl'l-n! y  wtriv'rrt-*!  into  a  valley,  ^f-  ?uppo**?  with  mocli 
ni'irr  [.robatiiiiiy  it  to  be  npraiseJ  slowly,  then  the 
wav'-s  in  the  upper  pans  of  the  bay  will  continue  very 
(miflually  to  litil  to  reach  the  cliffs,  which  are  now  in 
thts  diagram  represented  as  washed  by  the  sea,  and 
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vhich,  consequently,  will  be  left  standing  higher  and 
higher  above  its  level ;  whilst  at  the  still  exposed  mouth, 
it  might  well  happen  that  the  waves  might  be  enabled 
to  cat  deeper  and  deeper,  both  down  and  into  the  clifia, 
as  the  land  aloWlj  rose. 

The  greater  or  lesser  destrojing  power  of  the  waves 
at  the  months  of  sacce^sive  bays,  comparatively  with 
this  same  power  in  their  lapper  and  protected  parts,  will 
Taiy  as  the  bays  become  changed  in  form  and  size,  and 
therefore  at  different  levels,  at  their  mouths  and  heads, 
more  or  less  of  the  surfaces  between  the  escarpments, 
(that  is,  the  accumulated  beach-lines  or  terraces)  will 
be  left  undestroyed :  from  what  has  gone  before  we  can 
see  that,  according  as  the  elevittory  movements  after 
each  cessation  recommence  more  or  less  slowly,  according 
to  the  amount  of  detritus  delivered  by  the  river  at  the 
beads  of  the  snccessive  bays,  and  according  to  the  degree 
of  protection  afforded  by  tbeir  altered  forms,  so  will  a 
greater  or  leas  extent  of  terrace  be  accumulated  in  the 
upper  part,  to  which  there  will  be  no  surface  at  a  cor- 
responding level  at  the  mouth  :  hence  we  can  perceive 
why  no  one  terrace,  taken  in  its  whole  breadth  and 
followed  up  the  valley,  is  horizontal,  though  each 
separate  beach-line  must  have  been  so;  and  why  the 
inclination  of  the  several  terraces,  both  transversely, 
and  longitudinally  up  the  valley,  is  not  alike. 

I  have  entered  into  this  case  in  some  detail,  for  I 
was  long  perplexed  (and  othere  have  felt  the  same 
difficulty)  in  nnderstanding  how,  on  the  idea  of  an 
equable  elevation  with  the  sea  at  intervals  eating  into 
the  land,  it  came  that  neither  the  terraces  nor  the  npper 
nor  lower  edges  of  the  escarpments  were  horizontal. 
Along  lines  of  coast,  even  of  great  lengths,  such  as  that 
of  Patagonia,  if  they  are  nearly  uniformly  exposed,  the 
corroding  power  t^  the  waves  will   be  checked   and 
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conquered  by  the  elevatory  movement,  as  often  as  it 
recommences,  at  about  the  same  period  ;  and  hence  the 
terraces,  or  accumulated  beach-lines,  will  commence 
beintr  formed  at  nearly  the  same  levels:  at  each  sue- 
ceeding  period  of  rest,  they  will,  also,  be  eaten  into  ai 
nearly  the  same  rate,  and  consequently  there  will  be  a 
much  closer  coincidence  in  their  levels  and  inclinations, 
than  in  the  terraces  and  escarpments  formed  round 
bays  with  their  different  parts  very  differently  exposed 
to  the  action  of  the  sea.  It  is  only  where  the  waves 
are  enabled,  after  a  long  lapse  of  time,  slowly  to  corrode 
hard  rocks,  or  to  throw  up,  owing  to  the  supply-  of 
sediment  being  small  and  to  the  surface  being  steeply 
inclined,  a  narrow  beach  or  mound,  that  we  can  expect, 
as  at  Glen  Roy  in  Scotland,*  a  distinct  line  marking  an 
old  sea- level,  and  which  will  be  strictly  horizontal,  if 
the  subsequent  elevatory  movements  have  been  so :  for 
in  these  eases  no  discernible  effects  will  be  produced, 
exct^pt  during  the  long  intervening  ]:eriods  of  rest; 
whereas  in  the  case  of  step-formed  coasts,  such  as  those 
described  in  this  and  the  preceding  chapter,  the  terraces 
tliem selves  are  accumulated  during  the  slow  elevatory 
process,  the  accumulation  commencing  sooner  in  pro- 
tected than  in  exposed  situations,  and  sooner  where 
there  is  copious  supply  of  detritus  than  where  there  is 
little ;  on  the  other  hand,  the  steps  or  escarpments  are 
formed  during  the  stationary  periods,  and  are  more 
deeply  cut  down  and  into  the  coast-land,  in  exposed 
than  in  protected  situations ; — the  cutting  action,  more- 
over, being  prolonged  in  the  most  exposed  parts,  both 
during  the  beginning  and  ending,  if  slow,  of  the  upward 
movement. 

Although  in  the  foregoing  discussion  I  have  assumed 
the  elevation  to  have  been  horizontal,  it  may  be  sua- 

»  •  rhilt  sophical  Tranaactions/  1839,  p.  39. 
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pec  ted,  from  the  considerable  seaward  slope  of  the 
terraces,  both  up  the  valley  of  S.  Cruz  and  up  that  of 
Coquimbo,  that  the  rising  has  been  greater  inland  than 
nei^rer  the  coast.  There  is  reason  to  believe,*  from  the 
efletts  produced  on  the  water-course  of  a  mill  during 
the  earthquake  of  1822  in  Chile,  that  the  upheaval  one 
mile  inland  was  nearly  double,  namely,  between  five 
and  seven  feet,  to  what  it  was  on  the  Pacific.  We  know, 
also,  from  the  admirable  researches  of  M.  Bravais,^  that 
in  Scandinavia  the  ancient  sea-beaches  gently  slope 
finom  the  interior  mountain-ranges  towards  the  coast, 
and  that  they  are  not  parallel  one  to  the  other,  showing 
that  the  proportional  diff'erence  in  the  amount  of  eleva- 
tion on  the  coast  and  in  the  interior,  varied  at  different 
periods. 

Coquimbo  to  Guasco, — In  this  distance  of  ninety 
miles,  I  found  in  almost  every  part  marine  shells  up  to 
a  height  of  apparently  from  200  to  300  feet.  The 
desert  plain  near  Chores  is  thus  covered ;  it  is  bounded 
by  the  escarpment  of  a  higher  plain,  consisting  of  pale- 
coloured,  earthy,  calcareous  stone,  like  that  of  Coquimbo, 
with  the  same  recent  shells  embedded  in  it.  In  the 
valley  of  Chafieral,  a  similar  bed  occurs  in  which,  dif- 
ferently from  that  of  Coquimbo,  I  observed  many  shells 
of  the  Concholepas :  near  Guasco  the  same  calcareous 
bed  is  likewise  met  with. 

In  the  valley  of  Guasco,  the  step-formed  terraces  of 
gravel  are  displayed  in  a  more  striking  manner  than  at 
any  other  point.  I  followed  the  valley  for  thirty-seven 
miles  (as  reckoned  by  the  inhabitants)  from  the  coast 
to  Ballenar:  in  nearly  the  whole  of  this  distance,  five 


'  Mr.  Place,  in  the  •  Quarterly  Journal  of  Science,'  1824,  vol.  xvil, 
p.  42. 

*  *  Voyages  de  la  Comm.  da  Nord,'  ko. :  alao,  *  Comptes  Bendus,* 
Oct.  1842. 
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grand  terraces,  ninning  at  corresponding  heights  on 
both  sides  of  the  broad  valley,  are  more  conspicaoos 
than  the  three  best  developed  ones  at  Coquimbo.  They 
give  to  the  landscape  the  most  singular  and  formal 
aspect;  and  when  the  clouds  hung  low,  hiding  the 
neighbouring  mountains,  the  valley  resembled  in  the 
most  striking  manner  that  of  Santa  Cruz.  The  whole 
thickness  of  these  terraces  or  plains  seems  composed  of 
gravel,  rather  firmly  aggregated  together,  with  occasional 
parting  seams  of  clay :  the  pebbles  on  the  upper  plain 
are  often  white-washed  with  an  albuminous  substance, 
as  in  Patagonia.  Near  the  coast  I  observed  many  sea- 
shells  on  the  lower  plains.  At  Freyrina  (twelve  miles 
up  the  valley),  there  are  six  terraces  beside  the  bottom- 
surface  of  the  valley  :  the  two  lower  ones  are  here  only 
from  200  to  300  yards  in  width,  but  higher  up  the 
valley  they  expand  into  plains :  the  third  terrace  is 
generally  narrow  :  the  fourth  I  saw  only  in  one  place, 
but  there  it  was  distinct  for  the  length  of  a  mile :  the 
fifth  is  very  broad  :  the  sixth  is  the  summit-plain, 
which  expands  inland  into  a  great  basin.  Not 
having  a  barometer  with  me,  I  did  not  ascertain  the 
height  of  these  plains,  but  they  appeared  consider- 
ably higher  than  those  at  Coquimbo.  Their  width 
varies  much,  sometimes  being  very  broad,  and  some- 
times contracting  into  mere  fringes  of  separate  flat- 
topped  projections,  and  then  quite  disappearing:  at 
the  one  spot,  where  the  fourth  terrace  was  visible,  the 
whole  six  terraces  were  cut  off  for  a  short  space  by  one 
single  bold  escarpment.  Near  Ballenar  (thirty-seven 
miles  from  the  mouth  of  the  river),  the  valley  between 
the  summit-edges  of  the  highest  escarpment  is  several 
miles  in  width,  and  the  five  terraces  on  both  sides  are 
broadly  developed :  the  highest  cannot  be  less  than 
600  feet  above  the  bed  of  the  river,  which  itself  must^ 
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I  conceive,  be  Bome  hundred  feet  above  the  sea.  A 
north  and  aoath  section  across  the  valley  in  this  part  is 
here  represented. 


Town  of  Ballenu. 


On  the  northern  side  of  the  valley  the  tmmmit-plain 
of  gravel  (A)  has  two  escarpments,  one  facing  tlie  valley, 
and  the  other  a  great  basin-like  plain  (B),  which 
stretches  for  several  leagues  northward.  This  narrow 
plain  (A)  with  the  donble  escarpment,  evidently  once 
formed  a  spit  or  promontory  of  gravel,  projecting  into 
and  dividing  two  great  bays,  and  subsequently  waa 
worn  OQ  both  aides  into  steep  cliffs.  Whether  the 
several  escarpments  in  this  valley  were  formed  during 
the  same  stationary  periods  with  those  of  Coqiiimbo 
I  will  not  pretend  to  conjecture  ;  but  if  so,  the  inter- 
vening and  aabseqaent  elevatory  movements  must  have 
been  here  much  more  energetic,  for  these  plains  cer- 
tainly stand  at  a  much  higher  level  than  do  those  of 
Coqaimbo. 

Copiapo. — Prom  Gnasco  to  Copiapo,  I  followed  the 
road  near  the  foot  of  the  Cordillera,  and  therefore  saw 
no  nprai^d  remains.  At  the  month,  however,  of  the 
valley  of  Copiapo  there  is  a  plain,  estimated  by  Meyen ' 
between  fifty  and  seventy  feet  in  height,  of  which  the 
npper  part  consists  chiefly  of  gravel,  abounding  with 
recent  shells,  chiefly  of  the  Concliolepas,  Venug  Dimiheyi, 
and  CalyptrtBa  IrochiformU.  A  little  inland,  on  a 
plain  estimated  by  myself  at  nearly  300  feet,  tlie  upper 
'•BBiBenmdtelCrde.'    Th.  1.  s.  3T2,et  seq. 
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•jnrariiin  wa.-?  C:metl  --.f  broken  ahella  and  sand  cemented 
bv  -nWita  c:uo:ir^:iid  matter,  and  aboondinar  with  em- 
br-ti'i«-d  recenc  aheiis,  of  which  the  Mulinla  B'jroiieiisii 
and  F-irten  pwrvwitusi  were  the  most  namerous.  The 
lower  plain  3r.rec*.hes  tor  some  miles  34:>achward,  and  for 
an  nnkn«:wn  di-^rjjice  northward,  bat  not  far  up  the 
val.t-v;  it-i  SfrawapJ  tace,  accordindT  to  lleven,  is  worn 
inro  cav'^rs  above  the  level  of  the  present  beach.  The 
vai'.eT  ';t  C'jpij'nio  ia  ra-ich  less  sroeplv  inclined  and  less 
diLvct  in  iLi  c«:ur«e  than  anv  other  valley  which  I  saw 
in  Chile;  and  irs  bottom  d'jes  not  generally  consist  of 
trravrrl :  th<-r^:  are  no  srep-f  jrmed  terraces  in  it,  except  at 
one  spot  R'-ar  the  mouth  of  the  great  lateral  valley  of 
thrt  Des'..olj!ii«lo  wli.-re  thr^re  are  onlv  two.  one  above  the 
other:  l-jwer  d-.-An  rh^^  vall -y,  in  one  plnce  I  observed 
til  at  the  .solid  rok  h.id  been  cut  into  the  shape  of  a 
beach  ar.d  was  siivjorhrMl  over  wi:h  shingle. 

Northward  of  L'«.-piapo,  in  lat.  2*3-  S.,  the  old  voyager 
"Wafrr*  found  immense  numbt.rs  of  sea-shells  some 
milert  from  the  coast.  At  Cobija  (lat.  22°  3-4'),  ^• 
dT)rbiu''riy  objrorved  beds  of  gravel  and  broken  shells, 
contaiiiiiit.'  t*'n  species  of  recent  shells;  he  also  found, 
on  proj«'r:ti!i<r  points  of  porphyry,  at  a  height  of  300 
fif'ct,  hIicIIh  of  Concholepas,  Chiton,  Calyptnea,  Fissurella, 
and  Paltjlla,  still  attaclied  to  the  spots  on  which  they 
iiad  lived.  M.  d'Orbigny  argues  from  this  fact,  that 
the  elevation  must  have  been  great  and  sudden:*  to 

*  Biirncit's  * Collrrtion  of  Voyngres/  vol.  iv.  p.  193. 

•  •  Suyu'^rt.  V.wl.  (Jeol^j?.'  p.  l»i.  M.  d'Orbip:iiy  (p.  98*  in  anm- 
niinir  "p,  Kays,  '  H'il  e>t  certain  (us  he  believes)  que  tons  les  terrains 
vM  ppiiti',  cdniiriscntre  la  nier  er  les  inoiita«:fnes  sont  I'ancien  rlvnj^e 
cl«'  la  iri'T,  on  dnit  Hnpposcr,  pour  rcnM»mbl«.*,  unexiiaussomentqui  ne 
H«T;iit  pas  riHiinfin;  rlij  deux  c«rit.  mfetres;  il  faudruit  supposer  encore 
f|iir  »u?  soulovcrnfut.  n'a  point,  eti^jrraduel ;  .  .  .  mainqu'il  r^sulterait 
d'tUHi  HcuU"  et  nn'me  cause  fortuitc/ &c.  Now,  on  this  view,  when 
the  sra  was  fonninj;  the  l»i'ach  at  the  foot  of  the  mountains,  many 
ulirlls  of  ('oncl)(jh'pas,  (.'hiton,  Calyptnea,  Fi-surella,  and  Pa^'ella 
(which  uro  known  to  live  close  to  the  beach),  were  attached  to  rocks 
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me  it  appears  far  more  probable  that  the  movement 
was  gradual,  with  small  starts  as  during  the  earth- 
quakes of  1822  and  1835,  by  which  whole  beds  of  shells 
attached  to  the  rocks  were  lifted  above  the  subsequent 
reach  of  the  waves.  M.  d'Orbigny  also  found  rolled 
pebbles,  extending  up  the  mountain  to  a  height  of  at 
least  600  feet.  At  Iquique  (lat.  20°  12'  S.),  in  a  great 
accumulation  of  sand,  at  a  height  estimated  between  150 
and  200  feet,  I  observed  many  large  sea-shells  which  I 
thought  could  not  have  been  blown  up  by  the  wind  to 
that  height.  Mr.  J.  H.  Blake  has  lately  *  described 
these  shells :  he  states  that  ^  inland  toward  the  moun- 
tains they  form  a  compact  uniform  bed,  scarcely  a  trace 
of  the  original  shells  being  discernible ;  but  as  we 
approach  the  shore,  the  forms  become  gradually  more 
distinct  till  we  meet  with  the  living  shells  on  the  coast.* 
This  interesting  observation,  showing  by  the  gradual 
decay  of  the  shells  how  slowly  and  gradually  the  coast 
must  have  been  uplifted,  we  shall  presently  see  fully 
confirmed  at  Lima.  At  Arica  (lat.  18^  28'),  M. 
d'Orbigny*  found  a  great  range  of  sand-dunes,  four- 
teen leagues  in  length,  stretching  towards  Tacna,  in- 
cluding recent  shells  and  bones  of  Cetacea,  and  reach- 
ing up  to  a  height  of  300  feet  above  the  sea.  Lieut. 
Freyer  has  given  some  more  precise  facts  :  he  states  • 
that  the  Morro  of  Arica  is  about  400  feet  high ;  it  is 
worn  into  obscure  terraces,  on  the  bare  rock  of  which 
he  found    Balini  and   Milleporse  adhering.      At    the 

at  a  depth  of  300  feet,  and  at  a  depth  of  600  feet  several  of  these 
«aine  sheUs  were  accumulating  in  great  numbers  in  horizontal  beds. 
From  what  I  liave  myself  seen  in  dredging,  I  believe  this  to  be 
improbahle  in  the  highest  degree,  if  not  impossible;  and  I  think 
every  one  who  has  read  i*rof .  E.  Forbes^s  exccjllent  researches  on  Uio 
sabject^  will  without  hesitation  agree  in  this  conclusion. 

>  Silliman's  '  Amer.  Jour,  of  Science,'  vol.  xliv.  p.  2. 

«  •  Voyage,' &c.  p.  101. 

*  la  a  letter  to  Mr.  Lyell,  *  Geolog.  Proo.'  vol.  il.  p.  179. 
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he'i;fht  of  between  twentv  and  thirty  feet  the  shells 
tn  J  coralij  were  in  a  qnire  firesh  stace,  bat  at  fifty  feet 
thev  were  mach  abra«ied :  there  were,  however,  traces 
of  organic  remains  at  greater  heights.  On  the  road 
from  Tacna  to  Areqoipa,  between  Loquimbo  and 
Mocjaegua,  Mr.  M.  Hamilton '  foand  numerons  recent 
eea-f)LeIls  in  sand,  at  a  considerable  distance  firom  the 
sea. 

lAma. 

Northward  of  Arica,  I  know  nothing  of  the  coast 
for  aboat  a  space  of  five  degrees  of  latitude ;  but  near 
Callao,  the  port  of  Lima,  there  is  abundant  and 
very  curious  evidence  of  the  elevation  of  the  land. 
The  island  of  San  Lorenzo  is  upwards  of  1,000  feet 
high ;  the  basset  edges  of  the  strata  composing  the 
lower  part  are  worn  into  three  obscure,  narrow,  sloping 
steps  or  ledges,  which  can  be  seen  only  when  standing 
on  them  :  they  probably  resemble  those  described  by 
Lieut.  Freyer  at  Arica.  The  surface  of  the  lower  ledge, 
which  extends  from  a  low  cliflf  overhanging  the  sea  to 
the  foot  of  the  next  upper  escarpment,  is  covered  by  an 
enormous  accumulation  of  recent  shells.*  The  bed  is 
level,  and  in  some  parts  more  than  two  feet  in  thick- 
ness ;  I  traced  it  over  a  8[)ace  of  one  mile  in  length, 
and  heard  of  it  in  other  places :  the  uppermost  part  is 
eighty-five  feet  by  the  barometer  above  high-water 
mark.  The  shells  are  packed  together,  but  not  strati- 
fied ;  thoy  are  mingled  with  earth  and  stones,  and  are 
generally  covered  by  a  few  inches  of  detritus ;  they 
ri»8t  on  a  mass  of  nearly  angular  fragments  of  the 
underlying  siiudstone,  sometimes  cemented  together  by 

*  •  Ed  in.  New  Phil.  Jour.*  vol.  xxx.  p.  155. 

•  M.  Chevalier,  in  the  *  Voyage  of  the  Bonlte/  observed  these 
■hellti ;  but  liiti  Hpcciinons  were  lost. — *  Llnstitut,*  1838,  p.  151. 
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common  salt.  I  collected  eighteen  species  of  shells  of 
all  ages  and  sizes.  Several  of  the  univalves  had  evi- 
dently long  lain  dead  at  the  bottom  of  the  sea,  for 
their  insides  were  incrusted  with  Balani  and  SerpulaB. 
All,  according  to  Mr.  G.  B.  Sowerby,  are  recent  species : 
they  consist  of — 


1.  Mytilns  Magellanicns:  same  as 

that  found  at  Valparaiso,  and 
there  stated  to  be  probably 
distinct  from  the  true  M. 
Magellanieui  of  the  east 
coast. 

2.  Venus  costellata,  Sowb.  *Zool. 

Proc* 

3.  Pect«n  purpnratus,  I>am. 

4.  Chama,  probably  echinulata, 

Brod. 

5.  Calyptrsea  TyronensLs,  Gray. 
6. radians    (Trochus, 

Lam.}. 


7.  Fissm'ella  affinis,  Gray. 

8.  biradiata,  Trembly. 

9.  Purpura  chocolattai,  Dudos. 

10.  Peruviana,  Gray. 

1 1.  labiata,  Gray. 

12.  buxea(Murex,Brod.). 

13.  Concholepas  Peruviana. 

14.  Na'jsa,  related  to  reticulata. 
16.  Triton  rudis,  Brod. 

10.  Trochu8,  not  yet  described, 
but  well  known  and  very 
Cf>mmon. 

17  and  18.  Balanus,  two  species, 
both  common  on  the  coast. 


These  upraised  shells  appear  to  be  nearly  in  the 
same  proportional  numbers — with  the  exception  of 
the  Crepidulae  being  more  numerous — with  those  on 
the  existing  beach.  The  state  of  preservation  of  the 
different  species  differed  much  ;  but  most  of  them  were 
moch  corroded,  brittle,  and  bleached:  the  upper  and 
lower  surfaces  of  the  Concholepas  had  generally  quite 
scaled  off:  some  of  the  Trochi  and  Fissurellae  still 
partially  retain  their  colours.  It  is  remarkable  that 
these  shells,  taken  all  together,  have  fully  as  ancient  an 
appearance,  although  the  extremely  arid  climate  appears 
highly  favourable  for  their  preservation,  as  those  from 
1,300  feet  at  Valparaiso,  and  certainly  a  more  ancient  ap- 
pearance than  those  from  500  to  GOO  feet  from  Valparaiso 
and  Concepcion :  at  which  places  1  have  seen  grass  and 
other  vegetables  actually  growing  out  of  the  shells. 
Many  of  the  univalves  here  at  San  Lorenzo  were  filled 
and  united  together  by  pure  salt,  probably  left  by  the 


268       Fossil  Reynains  of  Hmnan  Art.     pam  n. 

evaporation  of  the  sea-spray,  as  the  land  slowly  emerged.* 
On  the  highest  parts  of  the  ledge,  small  fragments  of 
the  shells  were  mingled  with,  and  evidently  in  process 
of  reduction  into,  a  yellowish-white,  soft,  calcareous 
powder,  tasting  strongly  of  salt,  and  in  some  places  as 
line  as  prepared  medicinal  chalk. 

Fossil  Bemuins  of  Human  Art, — In  the  midst  of 
these  shells  on  San  Lorenzo,  I  found  light  corallines, 
the  horny  oviile-Cii.<es  of  Mollusca,  roots  of  sea-weed,' 
bonos  of  birds,  the  heads  of  Indian  com  and  other 
vegetable  matter,  a  piece  of  woven  rushes,  and  another 
of  nearly  decayed  cotton  string.  I  extracted  these  re- 
mains by  digging  a  hole,  on  a  level  spot ;  and  they  had 
all  indisputably  been  embedded  with  the  shells.  I 
compared  the  plaited  rush,  the  cotto7i  string,  and  Indian 
corn,  at  the  house  of  an  antiquary,  with  similar  objects, 
taken  from  the  Huacas  or  burial-grounds  of  the  ancient 
Peruvians,  and  they  were  undistinguishable  ;  it  should 
be  observed  that  the  Peruvians  used  string  only  ot 
cotton.  The  small  quantity  of  sand  or  gravel  with  the 
shells,  the  absence  of  large  stones,  the  width  and  thick- 
ness of  the  bed,  and  the  time  requisite  for  a  ledge  to 

*  Tlie  underlyinjr  .siinlstoiie  contains  true  layers  of  salt ;  so  that 
tlte  salt  may  p-  s.-ibly  have  cnie  from  the  beds  in  the  higher  parts 
of  tlic  i:>lan<l ;  hut  1  think  more  probably  from  the  sea-spray.  It  is 
generally  asserted  that  rain  never  falls  on  the  coast  of  Peru  ;  but  this 
is  not  quill*  accurate  ;  for,  on  several  da\s,  during  our  visit,  the  so- 
call<;>l  Peruvian  dew  fell  in  sutlicient  quantity  to  make  the  stret^ts 
muddy,  and  it  would  certainly  have  washe<l  so  deliquescent  a  sub- 
stance as  salt  into  the  soil.  I  stat^  this  because  M.  d'Orbigny,  in 
discussing  an  analo;rous  8uhj(;ct,  supposes  that  I  hid  forgot' en  that 
it  never  rains  on  this  wliole  line  of  C"ast.  See  Ulloa*s  *  Voyage*  (voL 
ii.  *  Enjr.  Trans  '  p.  07)  for  an  account  of  the  muddy  streets  of  Lima, 
and  on  i  ho  continuance  of  the  mists  during  the  whole  winter.  Kain, 
also,  falls  at  rare  intervals  even  in  the  driest  districts,  as,  for  in- 
stance, during  for' y  days,  in  172(5,  at  Chocope  (7°  46');  this  rain 
entirely  ruined  ('Ulloa,'&c.  p.  18)  the  mud-houses  of  tiie  inhabi* 
taiits. 

*  Mr.  Smith  of  Jordanhill  found  pieces  of  sea-weed  in  an  upraised 
pleistocene  deposit  in  Scotland.  See  his  admirable  Pax)cr  in  the 
•  Edin.  New.  Phil.  Journal/  vol.  xxv.  p.  384. 
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be  cnt  into  the  saDdstone,  all  show  that  these  remains 
were  not  thrown  high  up  by  an  earthquake-wave :  on 
the  other  hand,  these  facts,  together  with  the  nnmbcr 
of  dead  shells,  and  of  floating  objects,  both  marine  and 
terrestrial,  both  natural  and  human,  render  it  almost 
certain  that  they  were  accumulated  on  a  true  beach, 
since  upraised  eighty-five  feet,  and  upraised  this  much 
since  Indian  man  inhabited  Peru.  The  elevation 
may  have  been,  either  by  several  small  sudden  starts, 
or  quite  gradual ;  in  this  latter  case  the  unrolled  shells 
having  been  thrown  up  during  gjiles  beyond  the  reach 
of  the  waves  which  afterwards  broke  on  the  slowly 
emerging  land.  I  have  made  these  remarks,  chiefly 
because  I  was  at  first  surprised  at  the  complete  differ- 
ence in  nature,  between  this  broad,  smooth,  upraised 
bed  of  shells,  and  the  present  shingle-beach  at  the  foot 
of  the  low  sandstone-cliffs ;  but  a  beach  formed,  when 
the  sea  is  cutting  into  the  land,  as  is  shown  now  to  be 
the  case  by  the  low  bare  sandstone-cliffs,  ought  not  to 
be  compared  with  a  beach  accumulated  on  a  gently  in- 
clined rocky  surface,  at  a  period  when  the  sea  (probably 
owing  to  the  elevatory  movement  in  process)  was  not 
able  to  eat  into  the  land.  With  respect  to  the  mass  of 
nearly  angular,  salt-cemented  fragments  of  sandstone, 
which  lie  under  the  shells,  and  which  are  so  unlike  the 
materials  of  an  ordinary  sea-beach ;  I  think  it  probable 
afler  having  seen  the  remarkable  effects  *  of  the  earth- 
quake of  1835,  in  absolutely  shattering  as  if  by  gun- 
powder the  surface  of  the  primary  rocks  near  Concepcion^ 
that  a  smooth  bare  surface  of  stone  was  left  by  the  sea 
covered  by  the  shelly  mass,  and  that  afterwards  when 
upraised,  it  was  superficially  shattered  by  the  severe 
shocks  so  often  experienced  here. 

*  I  have  described  these  effects  in  my  'Journal  of  Researches,* p 
303,  2nd  edit.,  1846. 
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T--^  v^rr  lo-ar  lar..i  571  rr*:- ending  tiie  to-^^  of  Callao^ 
fa  Vy  the  soatii  j-'-in^i  bj  an  cleoare  eacarpment  to  a 
hiyr.^r  plain  ^=c=r:h  of  Bella  Viscaf,  which  stretches 
a',  .r.z  the  ccau5t  for  a  length  of  ateat  eight  mSes.  This 
p:;4in  app^re  to  the  eve  q-;:te  level ;  but  the  s^a-cliSs 
ihow  that  its  height  varies  f  as  ^  as  I  could  estimate) 
from  70  to  12»1»  f-ret.  It  is  o:'mp:«ed  of  thin,  sometimes 
wavinsr.  beds  of  clav,  often  of  brii?ht  red  and  vellow 
coloar?.  of  layers  of  impure  sand,  and  in  one  part  with 
a  great  stratified  mass  of  granitic  pebbles.  These  beds 
are  capped  bv  a  remarkable  mass,  varving  from  two  to 
six  feet  in  thickness,  of  reddish  loam  or  mod,  containing 
manv  5carti?re«^I  and  broken  fragments  of  recent  marine 
shells,  sometimes  thonsrh  rarelv  single  larsre  ronnd 
p^^bhl'ra,  more  frequently  short  irregular  layers  of  fine 
frr.ivr],  and  very  many  pieces  of  red  c«.»arse  earthenware, 
which  from  their  canatures  must  once  have  formed 
parts  of  large  vessels.  The  earthenware  is  of  Indian 
manufacture;  and  I  found  exactly  similar  pieces  acci- 
dentally included  within  the  bricks,  of  which  the  neigh- 
V>uriri»'  ancient  Peruvian  burial-mounds  are  built. 
Tlj^jse  fragments  abounded  in  such  numbers  in  certain 
B[)0ts,  that  it  appeared  as  if  waggon-loads  of  earthen- 
ware had  been  smashed  to  pieces.  The  broken  sea- 
sliells  and  pottery  are  strewed  both  on  the  sm-face,  and 
throughout  the  whole  thickness  of  this  upper  loamy 
mass.  I  found  them  wherever  I  examined  the  clifis, 
for  a  space  of  between  two  and  three  miles,  and  for 
half  a  mile  inland ;  and  there  can  be  little  doubt  that 
til  is  same  bed  extends  with  a  smooth  surface  several 
miles  further  over  the  entire  plain.  Besides  the  little 
inclii(l'*d  irregular  layers  of  small  pebbles,  there  are 
occ{isir)njiIly  very  obscure  traces  of  stratification. 

At  one  of  the  highest  parts  of  the  cliff,  estimated 
120  feet  above  the  sea,  where  a  little  ravine  came  down, 
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there  were  two  sections,  at  right  angles  to  each  other, 
of  the  floor  of  a  shed  or  building.  In  both  sections  or 
faces,  two  rows,  one  over  the  other,  of  large  roond  stones 
conld  be  distinctly  seen;  they  were  packed  close  to- 
gether on  an  artificial  layer  of  sand  two  inches  thick, 
which  had  been  placed  on  the  natural  clay-beds;  the 
round  stones  were  covered  by  three  feet  in  thickness  of 
the  loam  with  broken  sea-shells  and  pottery.  Hence, 
before  this  widely  spread-out  bed  of  loam  was  deposited, 
it  is  certain  that  the  plain  was  inhabited;  and  it  is 
probable,  from  the  broken  vessels  being  so  much  more 
abundant  in  certain  spots  than  in  others,  and  from  the 
underlying  clay  being  fitted  for  their  manufacture,  that 
the  kilns  stood  here. 

The  smoothness  and  wide  extent  of  the  plain,  the 
bulk  of  matter  deposited,  and  the  obscure  traces  of 
stratification  seem  to  indicate  that  the  loam  was  de- 
posited under  water;  on  the  other  hand,  the  presence 
of  sea-shells,  their  broken  state,  the  pebbles  of  various 
sizes,  and  the  artificial  floor  of  round  stones,  almost 
prove  that  it  must  have  originated  in  a  rush  of  water 
from  the  sea  over  the  land.  The  height  of  the  plain, 
namely,  120  feet,  renders  it  improbable  that  an  earth- 
quake-wave, vast  as  some  have  here  been,  could  have 
broken  over  the  surface  at  its  present  level ;  but  when 
the  land  stood  eighty-five  feet  lower,  at  the  period  when 
the  shells  were  thrown  up  on  the  ledge  at  S.  Lorenzo, 
and  when  as  we  know  man  inhabited  this  district,  such 
an  event  might  well  have  occurred ;  and  if  we  may  fur- 
ther suppose,  that  the  plain  was  at  that  time  converted 
into  a  temporary  lake,  as  actually  occurred,  during  the 
earthquakes  of  1713  and  1746,  in  the  case  of  the  low 
land  round  Callao  owing  to  its  being  encircled  by  a 
high  shingle- beach,  all  the  appearances  above  described 
will  be  perfectly  explained.     I  must  add,  that  at  a 
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lower  level  near  the  point  where  the  present  low  land 
round  Callao  joins  the  hiyrlier  plain,  there  are  appear- 
ance.^  of  two  distinct  deposits  both  apparently  formed 
by  d-bacles:  in  the  upper  one,  a  horse's  tooth  and  a 
dog's  jaw  were  embedded ;  so  that  Ui'th  must  have  been 
formed  after  the  settlement  of  the  Spaniards:  accord- 
ing to  Acosta,  the  earthquake- wave  of  1586  rose  eighty- 
four  feet. 

The  inhabitants  of  Callao  do  not  believe,  as  far  as  I 
could  ascertain,  tliat  any  change  in  level  is  now  in  pro- 
gTe<s.  The  great  fraLmients  of  brickwork,  which  it  is 
asserted  can  be  seen  at  the  bottom  of  the  sea,  and  which 
hjive  been  adduced  as  a  proof  of  a  late  subsidence,  are, 
as  I  am  informed  by  Mr.  Gill,  a  resident  engineer, 
loose  fragments ;  this  is  ppjbable.  for  I  found  on  the 
bcfach,  and  not  near  the  remains  of  any  building,  masses 
of  brickwork,  three  and  four  feet  square,  which  had 
been  washed  into  their  present  places,  and  smoothed 
over  with  shingle  during  the  earthquake  of  174G.  The 
tpit  of  land,  on  which  the  ruins  of  Old  Callao  stand,  is 
so  extremely  low  and  narrow,  that  it  is  improbable  in 
th<-  hi;jrhest  degree  that  a  town  should  have  been  founded 
on  it  in  its  present  state ;  and  I  have  lately  heard  *  that 
M.  Tschudi  has  come  to  the  conclusion,  from  a  com- 
parison of  old  with  modem  charts,  that  the  coast  both 
south  and  north  of  Callao  has  subsided.  I  have  shown 
that  the  island  of  San  Lorenzo  has  been  upraised  eighty- 
five  feet  since  the  Peruvians  inhabited  this  country; 
and  whatever  may  have  been  the  amount  of  recent  sub- 
fiidenco,  by  so  much  more  must  the  elevation  have  ex- 
ceeded the  eighty-five  feet.     In  several  places  *  in  this 

*  I  am  indebted  for  this  fact  to  Dr.  E.  DiciTenbach.  I  may  add 
that  there  i8  a  tnwlition,that  tl:e  islands  of  San  Lorenzo  and  Fronton 
were  once  joined,  and  that  the  channel  between  S.  Lorenzo  and  the 
mainland,  now  above  two  miles  in  width,  was  so  narrow  that  cattle 
used  to  Nwim  over. 

»  •  ObscTvaciones  sobre  el  Glima  del  Lima,'  par  Dr.  H.  Unaniie, 
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neighbourhood,  marks  of  sea-action  have  been  observed : 
Ulloa  gives  a  detailed  account  of  such  appearances  at  a 
point  five  leagues  northward  of  Callao :  Mr.  Cruikshank 
found  near  Lima  successive  lines  of  sea-cliffs,  with 
rounded  blocks  at  their  bases,  at  a  height  of  700  feet 
above  the  present  level  of  the  sea. 

Qn    the   Decay    of   upraised    Sear-Shelh, — I    have 
stated  that  many  of  the  shells  on  the  lower  inclined 
ledge  or  terrace  of  San  Lorenzo  are  corroded  in  a  pecu- 
liar manner,  and  that  they  have  a  much  more  ancient 
appearance  than  the  same  species  at  considerably  greater 
heights  on  the  coast  of  Chile.     I  have,  also,  stated  that 
these  shells  in  the  upper  part  of  the  ledge,  at  the  height 
of  eighty-five  feet  above  the   sea,  are  falling,  and  in 
some  parts  are  quite  changed  into  a  fine,  soft,  saline,  cal- 
careous powder.    The  finest  part  of  this  powder  has  been 
analysed  for  me,  at  the  request  of  Sir  H.  De  la  Beche, 
by  the  kindness  of  Mr.  Trenham  Reeks  of  the  Museum 
of  Economic  Geology ;  it  consists  of  carbonate  of  lime 
in  abundance,  of  sulphate  and  muriate  of  lime,  and  of 
muriate  and  sulphate  of  soda.     The  carbonate  of  lime 
is  obviously  derived  from  the  shells ;  and  common  salt 
is   80   abundant   in  parts   of  the  bed,  that,  as  before 
remarked,  the  univalves  are  often  filled  with  it.     The 
sulphate  of  lime  may  have  been  derived,  as  has  probably 
the  common  salt,  from  the  evaporation  of  the  sea- spray, 
during  the  emergence  of  the  land ;  for  sulphate  of  lime 
is  now  copiously  deposited  from  the  spray  on  the  shores 
of  Ascension.*     The  other  saline  bodies  may  perhaps 
have  been  partially  thus  derived,  but  chiefly,  as  I  con- 
clude from  the   following   facts,   through  a  different 
means. 

p.  4. — Ulloa's  •  Voyage,'  voL  ii.  •  Eng.  Trans.*  p.  97. — For  Mr.  Crnik- 
sbank's  observations,  see  Air.  Lyell's  *■  Principles  of  Geology'  (Ibt 
edit.),  vol.  iii.  p.  1 30. 

*  See  my  discussion  on  a  calcareous  incrustation  in  Chapter  IIL 
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Os  iD0»5t  v%r.r  of  tL*r  w.-^Ti^  k»d^e  oc  old  sea-beach. 
krt  &  iifr'sr:^*  of  170  frseit.  il^re  is  &  ^Ajer  cf  white  powder 
of  Tiri«.o^rr  uz-lc-kii*;^*.  i.5  !r.:a?ii  in  &':'me  parts  as  two 
i-v:i.*?^-  iv:r:;r  or;  iL*  anjnlar,  salt-oeTnenied  fraerments 
of  fxs^dfcV.iie  aLQ  uiiier  abc-ct  four  inches  of  earth,  which 
y^-Kit'T,  from  its  close  resrrmb-anoe  in  nature  to  the 
•jpper  and  rncAt  df^s-ved  parts  of  the  EheHy  m^ss.  I  can 
hardly  doubt  origif-ally  existed  as  a  bed  of  shells,  now 
r/juc'h  coUapfied  aijd  quite  disintegrated.  I  could  not 
discover  with  the  rnicroscope  a  trace  of  organic  structure 
in  it;  but  ita  cheL-iicai  constituents,  according  to  Mr. 
K'?"k«,  are  the  same  as  in  the  powder  extracted  fix>m 
amonj/rt  th»t  (hr^nxy'intr  shells  on  the  lower  ledge,  with 
t}j<;  marl:':'!  ex'^r-ption  that  the  carlx»nate  of  lime  is 
jin'-'.-iit  in  only  very  small  quantity.  On  the  third  and 
hij/h*;f-t  ]r(]'^H.  I  ob.s»frved  some  of  this  powder  in  a 
Himiiar  fK;.sitiori,  and  likewise  occasionally  in  small 
patch'.'ft  at  considerably  greater  heights  near  the  summit 
of  tlie  island.  At  Iquique,  where  the  whole  face  of  the 
country  is  covered  by  a  highly  saliferous  alluvium,  and 
wlnrn;  the  climate  is  extremely  dry,  we  have  seen  that, 
ar'coniing  to  Mr.  Blake,  the  shells  which  are  perfect 
n«^Jir  th*j  \}Ciich  l>ecome,  in  ascending,  gradually  less 
and  1<'HH  p<rrf«!ct,  until  scarcely  a  trace  of  their  original 
Htru(;iuro  can  bo  discovered.  It  is  known  that  car- 
lioniif  (?  of  lini«  and  common  salt  left  in  a  mass  together,^ 
and  Hliglitly  nioistt*ncd,  partially  decompose  each  other: 
now  we  liavo  at  San  Lorenzo  and  at  Iquique,  in  the 
hIu'IIh  and  Halt  packed  together,  and  occasionally  mois- 

*  I  am  Iiifornutci  by  Dr.  Kane,  through  Mr.  Reeks,  that  a  manu- 
fnctory  was  ostutilisht^d  on  thiH  i)rincii)i(!  in  France,  but  faile^l  from 
Mid  Hriiall  (|Uiintity  of  ciirbonato  of  soda  produced.  Spreogcl 
(MbinlciierH'  Ohron.*  lH4r>,  p.  157)  states,  that  salt  nnd  carbonate  of 
[into  iiro  liable  to  mutual  dtiComiK>sition  in  the  soil.  8ir  H.  De  la 
lU'vUv  informs  mo,  that  c^ilaireous  rocks,  washed  by  the  spray  of  the 
noa,  art*  ofttui  I'orrodotl  in  a  peculiar  manner;  see  ah>o  on  this  latter 
nubjuol '  Uuniuuon'  Chrun.*  p.  676,  18^4. 
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teoed  hv  ike  9i>cal!«d  Peravian  dew,  the  proper  demoiirs 
for  this  actioii.  We  can.  thus  an<]er$taQd  the  peculiar 
comxl^  appearance  of  the  shells  on  San  Lox>^n£0«  and 
the  great  d€CT«ase  of  qaantitr  in  the  carbonate  of  iirae 
in  the  powder  on  the  upper  ledge.  There  is,  however^ 
a  great  difficulty  on  this  view,  for  the  resultant  salts 
should  be  carbonate  of  aoda  and  muriate  of  lime :  the 
latter  is  present,  but  not  the  carbonate  of  soda.  Hence 
I  am  led  to  the  perhaps  unauthorised  conjecture  (which 
I  shall  hereafter  hare  to  refer  to)  that  the  carbonate  "of 
soda,  by  some  unexplained  means,  becomes  converted 
into  a  sulphate. 

If  the  above  remarks  be  just,  we  are  led  to  the  very 
unexpected  conclusion,  that  a  dry  climate,  by  leaving 
the  salt  from  the  sea-spray  undissolved,  is  much  less 
favourable  to  the  preservation  of  upraised  shells  than 
a  humid  climate.  However  this  may  be,  it  is  interest* 
ing  to  know  the  manner  in  which  masses  of  shells, 
gradually  upraised  above  the  sea-level,  decay  and  finally 
disappear. 

Summary  on  the  recent  Elevation  of  the  We.<t 
Coast  of  South  America. — We  have  seen  that  upmised 
marine  remains  occur  at  intervals,  and  in  some  parts 
almost  continuously,  from  lat.  45°  35'  to  12°  S.,  along 
the  shores  of  the  Pacific.  This  is  a  distance,  in  a  north 
and  south  line,  of  2,075  geographical  miles.  iVom 
Byron's  observations,  the  elevation  has  no  doubt  extended 
sixty  miles  farther  south;  and  from  the  similarity  in 
the  form  of  the  country  near  Lima,  it  has  probably 
extended  many  leagues  farther  north.*  Along  this 
great  line  of  coast,  besides  the  organic  remains,  there 
are  in  very  many  parts,  marks  of  erosion,  caves,  ancient 

*  I  may  take  this  opportunity  of  stating  that  in  a  MS.  in  the 
Geological  8oc.  by  Mr.  Weaver,  it  is  stated  that  beds  of  oystcMH  atid 
other  recent  shelh  are  found  thiity  feet  above  the  level  of  the  soa, 
in  many  parts  of  Tampico»  in  the  Galf  of  Mexico. 
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beaches,  sand-dunes,  and  successive  terraces  of  gravel, 
all  above  the  present  level  of  the  sea.  Prom  the  steep- 
ness of  the  land  on  this  side  of  the  continent,  shells 
have  rarely  Ijeen  found  at  greater  distances  inland  than 
from  two  to  three  leagues ;  but  the  marks  of  sea-action 
are  evident  farther  from  the  coast ;  for  instance,  in  the 
valley  of  Guasco,  at  a  distance  of  between  thirty  and 
forty  miles.  Judging  from  the  upraised  shells  alone, 
the  elevation  in  Chiloe  has  been  350  feet,  at  Concepcion 
certainly  625  feet,  and  by  estimation  1,000  feet;  at 
Valparaiso  1,300  feet;  at  Coquimbo  252  feet;  north- 
ward of  this  place,  sea-shells  have  not,  I  believe,  been 
found  above  300  feet;  and  at  Lima  they  were  falling 
into  decay  (hastened  probably  by  the  salt)  at  eighty-five 
feet.  Not  only  has  this  amount  of  elevation  taken 
place  within  the  period  of  existing  Mollusca  and  Cir- 
ripedes ;  but  their  proportional  numbers  in  the  neigh- 
bouring sea  have  in  most  cases  remained  the  same. 
Near  Lima,  however,  a  small  change  in  this  respect 
between  the  living  and  the  upraised  was  observed :  at 
Coquimbo  this  was  more  evident,  all  the  shells  being 
existing  species,  but  with  those  embedded  in  the  upper- 
most calcareous  plain  not  approximating  so  closely  in 
proportional  numbers,  as  do  those  that  lie  loose  on  its 
surface  at  the  height  of  252  feet,  and  still  less  closely 
than  those  which  are  strewed  on  the  lower  plains,  which 
latter  are  identical  in  proportional  numbers  with  those 
now  cast  up  on  the  beach.  From  this  circumstance, 
and  from  not  finding,  upon  careful  examination,  near 
Coquimbo  any  shells  at  a  greater  height  than  252  feot, 
I  believe  that  the  recent  elevation  there  has  been  much 
less  than  at  Valparaiso,  where  it  has  been  1,300  feet, 
and  I  may  add,  than  at  Concepcion.  This  considerable 
inequality  in  the  amount  of  elevation  at  Coquimbo  and 
Valparaiso,  places  only  200  miles  apart,  is  not  im- 
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probable,  coDsidering,  first,  the  difference  in  the  force 
and  number  of  the  shocks  now  yearly  affecting  different 
parts  of  this  coast ;  and,  secondly,  the  fact  of  single 
areas,  such  as  that  of  the  province  of  Concepcion,  having 
been  uplifted  very  unequally  during  the  same  earth- 
quake. It  would,  in  most  cases,  be  very  hazardous  to 
infer  an  inequality  of  elevation,  from  shells  being  found 
on  the  surface  or  in  superficial  beds  at  different  heights ; 
for  we  do  not  know  on  what  their  rate  of  decay  depends ; 
and  at  Coquimbo  one  instance  out  of  many  has  been 
given,  of  a  promontory,  which,  from  the  occurrence  of 
one  very  small  collection  of  lime-cemented  shells,  has 
indisputably  been  elevated  242  feet,  and  yet  on  which, 
not  even  a  fragment  of  shell  could  be  found  on  careful 
examination  between  this  height  and  the  beach,  although 
many  sites  appeared  very  favourable  for  the  preservation 
of  organic  remains :  the  absence,  also,  of  shells  on  the 
gravel-terraces  a  short  distance  up  the  valley  of  Co- 
quimbo, though  abundant  on  the  corresponding  terraces 
at  its  mouth,  should  be  borne  in  mind. 

There  are  other  epochs,  besides  that  of  the  existence 
of  recent  Mollusca,  by  which  to  judge  of  the  changes 
of  level  on  this  coast.  At  Lima,  as  we  have  just  seen, 
the  elevation  has  been  at  least  eighty- five  feet,  within 
the  Indo-human  period;  and  since  the  arrival  of  the 
Spaniai'ds  in  1530,  there  has  apparently  been  a  sinking 
of  the  surface.  At  Valparaiso,  in  the  course  of  220 
years,  the  rise  must  have  been  less  than  nineteen  feet ; 
but  it  has  been  as  much  as  from  ten  to  eleven  feet  in 
the  seventeen  years  subsequently  to  1817,  and  of  this 
rise  only  a  part  can  be  attributed  to  the  earthquake 
of  1822,  the  remainder  having  been  insensible  and 
apparently  still,  in  1834,  in  progress.  At  Chiloe  the 
elevation  has  been  gradual,  and  about  four  feet  during 
four  years.    At  Coquimbo,  also,  it  has  been  gradual, 
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and  in  the  course  of  150  yeara  has  amoniited  to  several 
feet.  The  sudden  small  npheavala,  accompanied  by 
earthquakes,  as  in  1822  at  Valparaiso,  in  1835  at  Con- 
cepcion,  and  in  1837  in  tlie  Chonos  Archipelago,  are 
familiar  to  moat  geologists,  but  the  gradual  rising  of 
the  coast  of  Chile  has  been  hardly  noticed ;  it  is,  how- 
ever, very  importajit,  as  connecting  together  these  two 
orders  of  events. 

The  rise  of  Lima,  having  been  eighty-five  feet  within 
the  period  of  man,  is  the  more  surprising  if  we  refer  to 
the  eastern  coast  of  the  continent,  for  at  Port  S.  Julian, 
in  Patagonia,  there  is  good  evidence  (as  we  shall  here- 
after see)  that  when  the  land  stood  ninety  feet  lower, 
the  Macrauchenia,  a  mammiferous  beast,  was  alive; 
and  at  Bahia  Blanca,  when  it  steed  only  a  few  feet 
lower  than  it  now  does,  mRny  gigantic  quadrupeds 
ranged  over  the  adjoining  conntry.  But  the  coast  of 
Patagonia  is  some  way  distant  froK  the  Cordillera,  and 
the  movement  at  Bahia  Blanca  is  perhaps  no  ways 
connected  with  this  great  range,  but  rather  with  the 
tertiary  volcanic  rocks  of  Banda  Oriental,  and  therefore 
the  elevation  at  these  places  may  have  been  infinitely 
slower  than  on  the  coast  of  Peru.  All  such  speculations, 
however,  must  be  v^ue,  for  as  we  know  with  certainty 
that  the  elevation  of  the  whole  coast  of  Patagonia  has 
been  interrupted  by  many  and  long  pauses,  who  will 
pretend  to  say  that,  in  ench  cases,  many  and  long  periods 
of  subsidence  may  not  also  have  been  intercalated  ? 

In  many  parts  of  the  coast  of  Chile  and  Pei'n  there 
are  marks  of  the  action  of  the  sea  at  snccessive  heights 
on  the  land,  showing  that  the  elevation  has  been  inter- 
rupted by  periods  of  comparative  rest  in  the  upward 
movement,  and  of  denudation  in  the  action  of  the  sea. 
These  are  plainest  at  Chiloe,  where,  in  a  height  of  sbont 
500  feet,  there  are  three  escarpments, — at  Coqnimbti, 
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where,  in  a  height  of  364  feet,  there  are  five, — at  Guosco, 
where  there  are  aii,  of  which  five  maj  perhaps  cor- 
respond with  those  at  Coqaimbo,  bnt  if  so,  the  sabae- 
queut  and  interventDg  elevatoiy  movements  have  beeo 
here  much  more  energetic, — at  Lima,  where,  in  a  height 
of  aboat  250  feet,  there  are  three  terraces,  and  others, 
aa  it  is  asserted,  at  cODsiderably  greater  heights.  Tlie 
almost  entire  absence  of  ancient  marks  of  sea-action  at 
defined  levels  along  considerable  spaces  of  coast,  as  near 
Valparaiso  and  Concepcion,  is  highly  instructive,  for  as 
it  is  improbable  that  the  elevation  at  these  places  alone 
should  have  beeo  continuous,  we  must  attribute  the 
absence  of  sncb  marks  to  the  nature  and  form  of  the 
coast-rocka.  Seeing  over  how  many  hundred  miles  of 
the  coast  of  Patagonia,  and  on  how  many  places  on  the 
shores  of  the  Pacific,  the  elevatory  process  has  been 
interrupted  by  periods  of  comparative  rest,  we  may 
conclnde,  conjointly  with  the  evidence  drawn  from 
other  quarters  of  the  world,  that  the  elevation  of  the 
land  is  generally  an  intermittent  action.  From  the 
quantity  of  matter  removed  in  the  formation  of  the 
escarpments,  especially  of  those  of  Patagonia,  it  appears 
that  the  periods  of  rest  in  the  movement,  and  of  denu- 
dation of  the  land,  have  generally  been  very  long.  In 
Patagonia,  we  have  seen  that  the  elevation  has  been 
equable,  and  the  periods  of  denudation  synchronous 
over  very  wide  spaces  of  coast ;  on  the  shores  of  the 
Pacific,  owing  to  the  terraces  chiefly  occurring  in  the 
valleys,  we  hare  not  equal  means  of  judging  on  this 
point;  and  the  very  diflerent  heights  of  the  upraised 
shells  St  Coquimbo,  Valparaiso,  and  Concepcion  seem 
directly  opposed  to  such  a  conclusion. 

Whether  on  this  side  of  the  continent  the  elevation, 
between  the  periods  of  comparative  rest  when  the 
escart,menta  were  formed,  has  been  by  small  sudden 
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starts,  each  as  those  nccompanjing  recent  earthquakes, 
or,  as  is  most  probable,  by  such  starts  conjointly  with  a 
gradaal  upward  movement,  or  by  great  and  sudden 
upheavals,  I  have  no  direct  evidence.  But  as  on  the 
eastern  coast,  I  was  led  to  think,  from  the  analogy  of 
the  lost  hundred  feet  of  elevation  in  La  Plata,  and  from 
the  nearly  equal  size  of  the  pebbles  over  the  entire 
width  of  the  terraces,  and  from  the  upraised  shells 
being  all  littoral  species,  that  the  elevation  had  been 
gradual ;  so  do  I  on  this  wesfpm  coast,  from  the  analogy 
of  the  movements  now  in  progress,  and  from  the  vast 
numbers  of  shi^lis  now  living  eiclusively  on  or  close  to 
the  beach,  wlitch  are  strewed  over  the  whole  surface  of 
the  land  up  to  very  considerable  heights,  conclude,  that 
the  movement  hero  also  hns  been  slow  and  gradual, 
aided  probiibly  hy  small  occasional  starts.  We  know 
at  least  that  at  f'oqnimbo,  where  five  escnrjtments  occur 
in  a  height  of  30t  feet,  that  the  successive  elevations, 
if  they  have  been  sudden,  cannot  have  been  very  gre-at. 
It  has,  I  think,  been  shown  that  the  occasional  preserve 
tion  of  shells,  unrolled  and  unbroken,  is  not  improbable 
even  dnring  a  quite  gradual  rising  of  the  land;  and 
their  preacrvalion,  if  the  movement  bns  been  uded  by 
small  starts,  is  quite  conformable  with  what  actually 
takes  place  during  recent  earthquakes. 

Judging  from  the  present  action  of  the  sea,  along 
the  shores  of  the  Pacific,  on  the  deposits  of  its  own 
accumulation,  the  present  time  seema  in  most  places  to 
be  one  of  comparative  rest  in  the  elevatory  movement, 
and  of  denudation  of  the  land.  Undoubtedly  this  ia 
the  case  along  the  whole  great  lengt.h  of  Patagonia. 
At  Cliiloe,  however,  we  have  seen  that  a  narrow  sloping 
fringe,  covered  with  veget-ation,  separates  the  present 
sea-beach  from  ft  line  of  low  clilTs,  which  the  waves 
lat^y  reached  J    here,  then,  the   land    is  gaining    iu 
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breadth  aod  height,  and  the  present  period  is  not  one 
of  rest  in  the  elevation  and  of  contingent  denndation ; 
but  if  the  rising  be  not  prolonged  at  a  quick  rate,  there 
is  every  probability  that  the  sea  will  soon  regain  ita 
former  horizontal  limits.  I  observed  similar  low  slop- 
ing  fringes  on  several  parte  of  the  coast,  both  northward 
of  Valparaiso  and  near  Coqaimbo;  bat  at  this  latter 
place,  from  the  change  in  form  which  the  const  has 
nndei^ne  eince  the  old  escarpments  were  worn,  it  may 
be  doabt«d  whether  the  sea,  acting  for  any  length  of 
time  at  its  present  level,  woald  eat  into  the  land ;  for 
it  now  rather  tends  to  throw  up  great  masses  of  sand. 
It  is  from  facts  such  as  these  that  I  have  generally  used 
the  term  comparaiive  rest,  as  applied  to  the  elevation 
of  the  land;  the  rest  or  cessation  in  the  movi'meut 
being  comparative  both  with  what  has  preceded  it  and 
followed  it,  and  with  the  sea's  power  of  corrosion  at 
each  spot  and  at  each  level.  Near  Lima,  the  cliff- 
formed  shores  of  San  Lorenzo,  aod  on  the  mainland 
Bonth  of  Callao,  show  that  the  sea  is  gaining  on  the 
land ;  and  as  we  have  here  some  evidence  that  its 
snrface  has  lately  sabsided  or  is  still  sinking,  the  periods 
of  comparative  rest  in  the  elevation  and  of  contingent 
denudation,  may  probably  in  many  cases  include  periods 
of  subsidence.  It  is  only,  as  was  shown  in  detail  when 
discnssing  the  terraces  of  Coquimbo,  when  the  sea  with 
diOicalty  and  after  a  long  lapse  of  time  has  either 
corroded  a  narrow  ledge  into  solid  rock,  or  has  heaped 
np  on  a  steep  surface  a  narrow  monnd  of  detritus,  that 
we  can  confidently  assert  that  the  land  at  that  level  and 
at  that  period  long  remained  absolutely  stationary.  In 
the  case  of  terraces  formed  of  gravel  or  sand,  although 
the  elevation  may  have  been  strictly  horizontal,  it  may 
well  happen  that  no  one  level  beach-line  may  be  trace- 
able, and  that  neither  the  terraces  themselves  nor  the 
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BDmmit  Bor  basal  edges  of  their  escarpments  may  be 
horizontal. 

Finally,  comparing  the  extent  of  the  elevated  area, 
as  dedoced  from  the  npraised  recent  organic  remains, 
on  the  two  sides  of  the  continent,  we  have  seen  that  on 
the  Atlantic,  shells  have  been  found  at  intervals  from 
eastern  Tierra  del  Fuego  for  1,180  miles  northward, 
and  on  the  Paci6c  for  a  space  of  2,075  miles.  For  a 
length  of  775  miles,  they  occnx  in  the  same  latitndea 
on  both  sides  of  the  continent.  Without  taking  this 
circumstance  into  consideration,  it  is  probable  from 
the  reasons  assigned  in  the  last  chapter,  that  the  entire 
breadth  of  the  continent  in  Central  Patagonia  has  been 
npltfted  in  mass ;  but  from  other  reasons  there  given,  it 
would  be  hazardous  to  extend  this  conclusion  to  La 
Plata.  From  the  continent  being  narrow  in  the  sonth- 
ernuiost  parts  of  Patagonia,  and  from  the  shells  found 
at  the  Inner  Narrows  of  the  Strait  of  Magellan,  and 
likewise  far  up  the  valley  of  the  S.  Cruz,  it  is  probable 
that  the  southern  part  of  the  western  coast,  which  was 
not  visited  by  me,  has  been  elevated  within  the  period 
of  recent  Mollusca :  if  so,  the  shores  of  the  Pacific 
have  been  continuously,  recently,  and  in  a  geological 
sense  synchronously  upraised,  from  Lima  for  a  height  of 
2,480  nantical  miles  southward, — a  distance  equal  to  that 
from  the  Bed  Sea  to  the  North  Cape  of  Scandinavia  I 
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CHAPTER  X. 

OH  THE  PLAINS  AND  VALLEYS  OP  CHILE: — SALIFER0U8 

80PERPICIAL  DEPOSITS. 

Sutin-lihe  plain*  tif  CkxU ;  their  drainage^  their  marine  m^'n^- 
Marks  of  tea-aetian  oh  the  eastern  Jianks  qf  the  CordilU'ra — Sloping 
terrace-like  fringes  qf  stratified  shingle  nrithin  the  talleyt  of  the 
Cordillera;  their  marine  origin — Boulders  in  the  valley  of  the 
Caehapual — Horizontal  elrration  of  the  Cordillera — Fortnation  of 
rallegs — Boulders  moeed  by  earthquake-itares — Saline  sttperficial 
deposits^Bed  of  nitrate  of  soda  at  Tquiqtio — Saline  incrustations — 
8aU  lakes  qf  La  Plata  and  Patagonia :  purity  of  the  salt ;  its  origin. 

The  space  between  the  Cordillera  and  the  coast  of  Chile  is 
on  a  rude  average  from  eighty  to  above  one  hundred 
miles  in  width ;  it  is  formed,  either  of  an  almost 
continnons  mass  of  mountains,  or  more  commonly  of 
several  nearly  parallel  ranges,  separated  by  plains ;  in 
the  more  southern  parts  of  this  province  the  mountains 
are  quite  subordinate  to  the  plains;  in  the  northern 
part  the  mountains  predominate. 

The  basin-like  plains  at  the  foot  of  the  Cordillera 
are  in  several  respects  remarkable ;  that  on  which  the 
capital  of  Chile  stands  is  fifteen  miles  in  width,  in  an 
east  and  west  line,  and  of  much  greater  length  in  a 
north  and  south  line ;  it  stands  1,750  feet  above  the  sea; 
its  surface  appears  smooth,  but  really  falls  and  rises 
in  wide  gentle  undulations,  the  hollows  corresponding 
with  the  main  valleys  of  the  Cordillera :  the  striking 
manner  in  which  it  abruptly  comes  up  to  the  foot  of 
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this  great  range  liae  been  remarked  by  every  anthor ' 
since  the  tirue  of  Molina.  Near  the  Cordillera  it  is 
composed  of  a  ttratilied  mass  of  pebbles  of  all  sizes, 
occasionally  including  rounded  boulders:  near  its 
western  boundary,  it  coiiaista  of  reddish  sandy  clay, 
containing  some  pebbles  and  numerous  fragments  of 
pumice,  and  sometimes  passes  into  pure  sand  or  into 
volcanic  ashes.  At  PoJaguel,  on  this  western  sida  of 
the  plain,  beds  of  sand  are  capped  by  a  calcareous 
tuff,  the  uppermost  layers  being  generally  hard  and 
substnlagmitic,  and  the  lower  ones  white  and  friable, 
both  together  precisely  resembling  the  beds  at  Co- 
quimbo,  which  contuin  recent  marine  shells.  Abrupt, 
but  roinidt'd,  hummocks  of  rock  rise  out  of  this  plain: 
those  of  Sta.  Lucia  and  S,  Cristoval  are  formed  of 
grt-enstouw-iwrphyry  almost  eotirely  denuded  of  its 
original  coveriug  of  porphyritic  cloystone  breccia;  on 
tlu-ir  eumuiita,  many  fragments  of  rock  (some  of  them 
kinds  not  found  t'rt  sUu')  are  coated  and  united  together 
by  a  white,  friable,  calcareous  tuff,  like  that  found  at 
Pydiigucl.  When  this  matter  was  deposited  on  the 
summit  of  S.  Cristoval,  the  water  must  have  stood 
910  feet'  above  the  surface  of  the  surrounding  plain. 

To  the  south  this  basin-liko  plain  contracts,  and 
rising   scarcely    perceptibly   with    a    smooth    surface, 

■  This  [iluin  i»  piirtiiiUy  M'p.-iratG']  into  two  basins  hy  a  range  ol 
hilfci;  the  soulherii  b:ilf, acoiirdiuff  (o  lleyen  ('  lleise  urn  Brdc'Th.i. 
•.  2(4),fulli>  iDbt:ij,'ht,bjan  abrupt  st<^^',  oC  between  Qfieeo  and  tncnt; 
feet. 

■  Or  3,6'jO  feet  nlmve  the  ren,  as  mea^jiired  baron eirically  by  Hr. 
Bck.  Tliix  tuff  ap|.>vnr!>  tv  the  eye  ncnrly  pure ;  bat  when  plscad  In 
acM  it  leavi's  a  cunsiilenble  resiiluc  of  Band  and  broken  crjstals, 
apiarently  of  fulil»imr.  Ur.  M«ycn  (■  Kcise,'  Th.  i.  s.  269)  »ij<^  he 
fuuiid  a  similar  Bubstance  on  thencigbbnurm^rbillor  Dominico  (and 
I  found  it  &]«>  on  the  Cgito  Itlanoii),  ami  he  attributes  it  to  the 
woallicrinKuf  thu  si"ne.     In  xnme  plucun  nbiuh  1  exiimtned,  ita  bulk 

Sut  thin  view  oE  its  uriftin  quite  out  uC  (jocstion ;  and  1  should  much 
imbt  whetljcrtlip  dwsinniKwiti.in  ot  a  |xin)h>ry  wou'd,  in  any  »ise, 
leave  a  orui^t  ob<<.lly  coiiipn>ed  of  oarbonate  of  liiue.  The  white 
erust,  which  is  commonly  iiet^n  on  wciithcrcd  feldspattiic  rack*, 
duo*  not  appuai  V>  eoutain  an;  free  carbunute  of  lima. 
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passes  throngli  a  remnrkable  level  fjop  in  the  moun- 
tains, forminga  true  land-etrait,  and  called  the  Angostura. 
It  then  immediately  expands  into  a  second  Iiasin-rorined 
plain :  this  again  to  the  sonth,  contracts  into  another 
land-strait,  and  expands  into  a  third  basin,  which,  how- 
ever, falls  puddenly  in  level  about  forty  feet.  This  third 
basin,  to  the  south,  likewise  contracts  into  a  strsiit,  and 
then  again  opens  into  the  great  plain  of  S.  Fernando, 
stretching  eo  far  south  that  the  snowy  peaks  of  the  dis- 
tant Cordillera  are  seen  rising  above  its  horizoD  as  above 
the  sea.  These  plain?,  near  the  Cordillera,  are  generally 
formed  of  a  thick  stratified  moss  of  shingle; '  in  other 
parts,  of  s  red  sandy  clay,  often  with  an  admixture  of  pu- 
niiceODS  matter.  Although  these  basins  ai-e  connected  to- 
.  gether  like  a  necklace,  in  a  north  and  south  line,  by  smooth 
land-straits,  the  streams  which  drain  them  do  not  nil  flow 
north  and  south, but  mostly  westward,  through  breaches 
worn  in  the  bounding  mountiiins ;  and  in  the  case  of 
the  second  basin,  or  that  of  Eancagua,  there  are  two 
distinct  breaches.  Each  basin  morfover,  is  not  drained 
singly :  thus,  to  give  the  most  striking  instance,  but 
not  the  only  one,  in  proceeding  southward  over  the 
plain  of  Rancngua,  we  first  find  the  water  flowing 
northward  to  and  through  the  northern  land-strait; 
then,  without  crossing  any  marked  ridge  or  water-sbed, 
we  see  it  flowing  south-westward  towards  the  northern 
one  of  the  two  breaches  in  the  western  mountainous 
bonndory ;  and  lastly,  again  without  auy  ridge,  it  Hows 
towards  the  southern  breach  in  these  same  mountains. 
Hence  the  anrface  of  this  one  basin-like  plain,  appear- 
ing to  the  eye  so  level,  has  been  modelled  with  great 
nicety,  so  that  the  drainage,  without  any  conspicuous 

'  The  plain  of  S.  Ferroncio  has,  acconiing-  to  MM.  Mejen  and 
Qaj  ('  Itcite,'  ^c  Tb.  i.  ss.  2U5  and  2!)8),  near  the  Cordillera,  an 
Qpper  Btep-formi  d  plaio  of  cla;,  on  the  surface  sf  which  they  found 
DumeroQB  blocks  of  tocks,  from  two  or  three  feutlong,  cii  lice  lying 
single  or  piled  in  beaps,  bat  all  arranged  in  nearly  straight  lines. 
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watersheds,  is  directt^  towards  three  openings  in  tlie 
encircling  mountaiDE.'  The  Btreama  flowing  from  the 
Dirt-e  southern  baein-like  plains,  after  passing  throngh 
the  breaches  to  the  west,  unite  and  form  the  river 
Riipel,  which  enters  the  Pacific  near  Navidad.  I 
followed  the  southernmost  branch  of  this  river,  and 
found  that  the  basin  or  plain  of  S.  Fernando  is  con- 
tinuously and  smoothlj  nnit4>d  with  those  plains, 
which  were  described  in  the  ninth  chupter,  as  being 
worn  near  the  coast  into  successive  cave-eaten  escarp- 
ments, and  still  nearer  to  the  coast,  as  being  strewed  with 
upraised  recent  marine  remains. 

I  nii{,'ht  have  given  doscriptions  of  numerous  other 
plains  of  the  same  general  form,  some  at  the  foot  of 
the  Cordillera,  some  near  the  coast,  and  some  half-way 
between  these  points.  I  will  allude  only  to  one  other, 
namely,  the  plain  of  Uepallata,  lying  on  the  eastern 
or  opposite  side  of  the  Cordillera,  between  that  great 
range  and  the  parallel  lower  range  of  U spall ata. 
According  to  Sliers,  its  surface  is  6,000  feet  above  the 
level  of  the  sea:  it  is  from  ten  to  fifteen  miles  in 
width,  and  is  said  to  extend  with  an  unbroken  surface 
for  1 80  miles  northwards :  it  is  drained  by  two  rivers 
passing  tlirough  breaches  in  the  mountains  to  the  east. 
On  the  banks  of  the  R.  Meudoza  it  is  seen  to  be 
composed  of  a  great  accumulation  of  stratified  shingle, 
estimated  at  400  feet  in  thickness.  In  general  appear- 
ance, and  in  numerous  points  of  structure,  this  plun 
closely  resembles  those  of  Chile. 

1'he  origin  and  manner  of  formation  of  the  thick 
beds  of  gravel,  sandy  clay,  volcanic  detritus,  and  cal- 
careous tuff,  composing  these  basin-like  plains,  is  very 
'  It  appesns  from  Capt.  Herbert's  ac^iount  of  the  Uiluviam  of  the 
H'lmBlaya  ('GleaniDgg  of  Scitnce,'  Ciilcutta,  vol.  ii.  p.  164),  that 
[iruciiiely  similar  remarks  apply  to  the  diawage  of  uia  plains  <X 
valleys  b«twtieii  Uios«  great  nwunlams. 
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important ;  becanse,  as  we  ehall  presentlr  show,  they 
Bend  anna  or  fringes  far  op  the  main  valleys  of  the 
Cordillera.  Many  of  the  inhabitants  believe  that  these 
plains  were  once  occupied  by  lakes,  suddenly  drained  ; 
bat  I  conceive  that  the  nnmber  of  the  separate  breaches 
at  nearly  the  same  level  in  the  mountains  surrounding 
them,  qnite  precludes  thia  idea.  Had  not  such  diatin- 
gnifihed  natnralists  as  MM.  Meyen  and  Gay  Stated 
their  belief  that  these  deposits  were  left  by  great 
debacles  rushing  down  from  the  Cordillera,  I  should 
not  have  noticed  a  view,  which  appears  to  me  from 
many  reasons  improbable  in  the  highest  degree — 
namely,  from  the  vast  accumulation  of  treli-rounded 
pebblet — their  frequent  stratification  with  layers  of 
Band — the  overlying  beds  of  calcareona  tuff — this  same 
substance  coating  and  uniting  the  fragments  of  rock 
on  the  hummocks  in  the  plain  of  Santiago— and  lastly 
even  from  the  worn,  ronuded,  and  much  denuded  state 
of  these  hummocks,  and  of  the  headlands  which  pro- 
ject from  the  surrounding  mountains.  On  the  other 
hand,  these  several  circumstances,  as  well  as  the  cou- 
tinuous  onion  of  the  basins  at  the  foot  of  the  Coi^ 
dillera,  with  the  great  plain  of  the  Rio  Enpel  which 
still  retains  the  marks  of  sea-action  at  various  levels, 
and  their  general  similarity  in  form  and  composition 
with  the  many  plains  near  the  coast,  which  are  either 
similarly  marked  or  are  strewed  with  upraised  marine 
remains,  fully  convince  me  that  the  mountains  bound- 
ing these  basin-plains  were  breached,  their  islet-like 
projecting  rocks  worn,  and  the  loose  stratified  detritus 
fiirming  their  now  level  surfaces  deposited,  by  the  sea, 
as  the  land  slowly  emerged.  It  is  hardly  possible  to 
state  too  strongly  the  perfect  resemblance  in  outline  be- 
tween these  basin-like,  long,  and  narrow  plains  of  Chile, 
(especially  when  in  the  early  morning  the  mists  hang- 


288  Basin-like  Plains  of  Chile.  fabt  u. 

ing  low  represented  water.)  and  the  creeks  and  fiords 
now  itter-:e»:tinff  tiie  80cthem  and  western  shores  of 
the  cor-tinent.  We  can  on  this  view  of  the  sea,  when 
the  land  stood  lower,  having  long  and  tranqnilly 
occnpied  the  spacr^  between  the  mountain-ranges,  nn- 
derstand  how  the  boundaries  of  the  separate  basins 
were  breached  in  more  than  one  place ;  for  we  see  that 
thif}  is  the  general  character  of  the  inland  bays  and 
channels  of  Tierra  del  Fnego ;  we  there,  also,  see  in 
the  sawing  action  of  the  tides,  which  flow  with  great 
force  in  the  cross  channels,  a  power  sufficient  to  keep 
the  breaches  open  as  the  land  emerged.  We  can 
further  see  that  the  waves  would  naturally  leave  the 
smooth  lx>ttom  of  each  great  bay  or  channel  as  it  be- 
came slowly  converted  into  land,  gently  inclined  to  as 
many  p^)ints  as  there  were  mouths,  through  which  the 
sea  finally  retreated,  thus  forming  so  many  water-sheds, 
without  any  marked  ridges,  on  a  nearly  level  surface. 
The  absence  of  marine  remains  in  these  high  inland 
plains  cannot  be  properly  adduced  as  an  objection  to 
tlieir  marine  origin :  for  we  may  conclude,  from  shells  not 
>>ting  found  in  the  great  shingle  beds  of  Patagonia, 
though  copiously  strewed  on  their  surfaces,  and  from 
many  other  analogous  facts,  that  such  deposits  are 
eminently  unfavourable  for  the  embedment  of  such 
remains;  and  with  respect  to  shells  not  being  found 
fitrowed  on  the  surface  of  these  basin-plains,  it  was 
shown  in  the  last  chapter  that  remains  thus  exposed  in 
time  decay  and  disappear. 

I  observed  some  appearances  on  the  plains  at  the 
eastern  and  opposite  foot  of  the  Cordillera  which  are 
worth  notice,  as  showing  that  the  sea  there  long  acted 
at  nearly  the  same  level  as  on  the  basin-plains  of  Chile. 
The  mountains  on  this  eastern  side  are  exceedingly 
abrupt;    they  rise  out  of  a  smooth,  talus-like,  very 
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gentle.  sIof«.  &wn  fire  to  tea  c!:'.es  in  «:d:a  \as  r?prv- 
aented  is  the  fcJlowis^  diagram  i,  ectireir  oompoeed  of 


perfectly  ronoded  pebbles,  often  white-washed  with  an 
aluminoas  safastance  like  dect^nposed  feldspar.  This 
sloping  plain  or  talas  blends  into  a  perfectly  Sat  space 
a  few  miles  in  width,  composed  of  reddish  impare  clay, 
with  small  calcareou?  concr^ions  as  in  the  I\impean 
deposit, — of  6ne  white  sand  with  small  pebbles  in 
layere, — and  of  the  abire-mentioned  white  aluminous 
earth,  all  intCTTt ratified  together.  This  tiat  space  runs 
as  far  as  Mendoza.  thirty  mile?  northward,  and  i^tands 
probably  at  about  the  same  height,  namely,  iJ,7(K>  feet 
(Pentland  and  Miers)  above  the  sea.  To  the  east  it 
is  bounded  by  an  escarpment,  eighty  feet,  in  height, 
rnnning  for  many  miles  north  aod  south,  and  compt^sod 
of  perfectly  round  pebbles,  and  loose,  white-washed,  or 
embedded  in  the  aluminous  earth  :  behind  this  escarp- 
ment there  is  a  second  and  similar  one  of  gravel. 
Northward  of  Mendoza,  these  esearpiueuts  become 
broken  and  qait«  obliterated ;  and  it  does  not  appear  that 
they  ever  enclosed  a  lake-like  are,** :  I  conclude,  ther&- 
fore,  that  they  were  formed  by  the  sea,  when  it  re.iched 
the  foot  of  the  Cordillera,  like  the  similar  escarpnicntH 
occnrring  at  so  many  points  on  the  coasts  of  Chile  and 
Patagonia, 

^e  tains-like  plain  slopes  np  with  a  suiootli 
BoHace  into  the  great  dry  valleys  of  the  Cordillera.  On 
each  hand  of  the  Portillo  valley,  the  mountnius  are 
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f'-rc;=d  of  red  gnrite.  mica  slate,  sad  basalt,  which  all 
har*r  •aS'-ri^  &  :r-Ij  astocishing  azaooat  of  d-nndation; 
the  grav^!  In.  tb-e  vall^v,  as  weJ  an  on  th^  ralas-like 
plain  13  fro:.:  of  it.  \s  coip-Jied  of  ttew  nrcks ;  but  at 
tLe  mo2*b  of  the  Ta'!eT,  in  the  middle  {height  proba- 
bly about  ZJ/y>  fe^t  ai.-:-v€  the  s«j),  a  fcw  small  isolated 
hillocks  of  several  varieties  of  p:>rpbTry  ppiiject,  round 
which,  on  all  sides,  smooth  and  of:en  white-washed 
pebbles  of  these  same  porphyries,  to  the  exclusion  of 
all  others,  extend  to  a  circamscribed  distance.  Now, 
it  is  difficult  to  conceive  any  other  agency,  except  the 
quiet  and  long- continued  action  of  the  sea  on  these 
hiil.jcki.  which  couM  have  rounded  and  white-washed 
the  fra^fnaents  of  prrphyry,  and  caiseJ  them  to  radiate 
from  such  small  and  quite  insiirniiicant  centres,  in  the 
midst  of  that  va^t  stream  of  stones  which  has  descended 
from  the  main  Cordillera. 

Sloping  Te^ra-:n,  of  Graret  in  the  Valleys  of  the 
Cordillera. — All  the  main  valleys  on  both  flflnks  of  the 
Chilian  Cordillera  have  formerly  had,  or  still  have,  their 
bottoms  filled  up  to  a  considerable  thickness  by  a  mass 
of  rudely  sirutified  shinfrle.  In  central  Chile,  the 
greater  part  of  this  mass  hag  been  removed  by  the 
torrents ;  cliff-bounded  fringes,  more  or  less  continuous, 
being  left  at  corrt-sponding  heif.'lits  on  both  sides  of 
the  VfllU-vfi,  These  fringes,  or  as  they  may  be  called 
terraces,  have  a  smooth  surfiice,  and  as  the  valleys  rise, 
they  gently  rise  with  them :  hence  they  are  easily  irri- 
gated, and  afford  great  facilities  for  the  construction  of 
the  Mads.  From  their  uniformity,  they  give  a  ro- 
markiilile  character  to  the  scenery  of  these  grand,  wild, 
brokf-n  valleys.  In  width,  the  fringes  vary  much, 
Bomi'times  being  only  broad  enough  for  the  roads,  and 
sometimes  expanding  into  narrow  plains.  Their  sur- 
faces, besides  gently  rising  up  the  valley,  are  slightly 
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up  wiii  B  5nK»:-:ii  kiid  i^sit^y  nDstrt-  nass.  »  ac-l  are 
the  drr  aifkrrcw^ci  rk^^fys  :<f  r^:clilT■^3  ',"lije-  Wrwc* 
two  TijeTff  ci^-?  inv  xie-  ii»ear  TerT»,vs  ire  psnira- 
larlj-  well  eiiiitc^  nf  »  rspresr-"-:^  Ji  Tif  iV-".ii»irjr 


fringe  OD  a  mde  averasre.  may  lie  saiil  to  vary  fn>ni 
thirty  to  sixty  or  eighty  feet ;  but  noar  tlio  mouths  of 
the  valleys  it  was  in  several  plaivs  fivni  2<H>  to  SUM) 
feet.  The  amount  of  matter  removed  by  the  tonviita 
has  been  immense;  yet  iu  the  lower  parts  of  the 
valleys  the  terraces  have  seldom  lieen  entirely  worn 
away  on  either  side,  nor  has  the  solid  underlyiiip  nx-k 
been  reached :  higher  up  the  valleys,  the  terraces  have 
frequently  been  removed  on  otie  or  the  other  side,  nnd 
Bometimee  on  both  sides;  but  in  this  latter  cns<>  they 
re-appear  after  a  short  interval  on  the  iino,  wliich  tliey 
woald  have  held  had  they  been  unbroken.     Where  I  ho 
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sclld  rr/is.  Las  \prnz,  rrach-=i  it  has  been  cat  into  deep 
And  lArrcw  e«:Ts*rS-  Scill  Lisher  ap  the  TaHevs,  the 
terraces  graiiuallj  beotnie  mere  and  more  broken, 
nirroTer,  and  l€s=s  thick,  imtil,  at  a  height  of  from 
ISr/)  to  &.0«J0  frrt,  thrv  become  lost,  and  blended  with 
thrr  piles  of  fallen  detriraa. 

I  careftll  J  examined  in  many  places  the  stare  of  the 
grravel;  and  almost  everr where  found  the  pebbles  eqnally 
and  perrfectly  rounded,  occasionaily  with  great  blocks 
of  rock,  and  generally  distinctly  stratified,  often  with 
parting  seams  of  sand.  The  pebbles  were  sometimes 
oo'ited  with  a  white  alnminons,  and  less  frequently  with 
a  calcareous,  cmst.  At  great  heights  up  the  Talleys, 
the  pebbles  become  less  ronnded ;  and  as  the  terraces 
become  obliterated,  the  whole  mass  passes  into  the 
n^i^'^re  of  ordinary  detritus.  I  was  repeatedly  struck 
with  the  great  difference  between  this  detritus  high  up 
the  valleys,  and  the  gravel  of  the  terraces  low  down, 
namely,  in  the  greater  number  of  the  quite  angular 
fra^rments  in  the  detritus. — in  the  unequal  degree  to 
which  the  other  fragments  have  been  rounded, — ^in  the 
quantity  of  associated  earth, — in  the  absence  of  stratifi- 
cation,— and  in  the  irregularity  of  the  upper  surfaces. 
This  difference  was  likewise  well  shown  at  points  low 
down  the  valleys,  where  precipitous  ravines,  cutting 
through  mountains  of  highly  coloured  rock,  have  thrown 
down  wide,  fan-shaped  accumulations  of  detritus  on  the 
terraces :  in  such  cases,  the  line  of  separation  between 
the  detritus  and  the  terrace  could  be  pointed  out  to 
within  an  inch  or  two ;  the  detritus  consisting  entirely 
of  angular  and  only  partially  rounded  fragments  of  the 
adjoining  coloured  rocks;  the  stratified  shingle  (as  I 
ascertained  by  close  inspection,  especially  in  one  case, 
in  the  valley  of  the  R.  Mendoza)  containing  only  a 
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b-oint  u.  ii.  xhE  Toz'c  s^^:a.  apiv'.iTV.'.  h^;;^  iir  f  niri  : 

=T"nTT*  I  pTri-TT  arid  o:' 5y?a:T;-.  *':i?rniiT:'"'T  Kviiv.-.r.^ 
nomermiE.  and  ii.  ea^L  cat.**  s-j.-v-veflM  iw  in>'q:]^i.-int« 
liios  ctmsiinned.  Ts-?re  is.  bowercT.  ^m?  Tciv.i»rK-ji!iip 
uj-eptioc  W  This  rc.e  :  fir  aijmr  rb?  rs'.l-.'v  .if  :hc 
'''a^'hcpniil-  M.  «jaj  i"i::ic  ncirrT^-.-iss  iJ.ri^■  ii'i.vfc;  of. 
Tr'nhe  f-BTiny,  irniii  aie?  iin;  o^.-".t  It;  ri::-  !i;''ii:'i!viiiT«- 
Lw»d:  I  obserrM  xiies*  iiiorks,  as  *"i'/.  as  .nin'rs  .V' 
aiid^dr  ETenhr  n^T  :>crcTTinir  li?rf-  h  s>i':  V  t*{wr  :!m» 
bKtE  of  C&nqnMief  ai  a  neiytil  .■:"  i>fm-if^,  i-.','  an,^  ,^,H^ 
fees  »k>Te  the  r;v?r,  bt^i3  TbtT-.-f..:*  .-ir.;:*"  alv^vp  iho 
t-siTTiK*  t»  fringe  wLion  b^rjiTf  ihM  nvcr:  s.^top  miios 
hirfier  cp  tie  vaii?vs  iLrre  were  o:hiT  hi.v-kfi  si  aly^il 
the  same  hi^lit :  I  also  norij-evl,  al  a  It*!!*  hi'iirht,  j-.isi 
abowtbe  terrac*.  biM-ks  of  porph^rii^s  (.ipivir;'ii!ly  ',';,^ 
found  in  the  immediatelr  im]vn.iiiii:  ]n.''ir.il.iin<\ 
airan^ed  in  rede  lines,  af  on  a  E)ea-bi\<ii'h.  All  ihi'^-v 
blocks  were  ronndt^.  and  thouirh  lanrc,  •act  jrijpimi.-. 
like  the  tra?  erratic  boold^rs  of  l^itai^^iita  nntl  Fiio^^in 
5L  Gay '  etates  that-  granite  does  not  (X\'ht  tit  filn 
within  s  distance  of  twenty  lea^H's;  1  siisjuvt-,  for 
aeveral  reasons,  th.tt  it  will  ultimately  Iv  foniid  nt  a 

>  '  Annate*  des  Scieno.  Nat.'(I.  !ijrir<i  torn.  SSV  M  Onv,  <(■  I 
WW  iarormed,  penetraled  the  Conlillera  by  Uw  grvjA  oWiijiio  inlli'.v 
•1  lf»  CapcesBOt,  and  not  bj  the  iiuMt  dinol  Una. 
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mncb  less  dLdtance,  thoa^  certainly  not  in  the  imme- 
diate neighboarhood.  The  boulders  found  by  M\I. 
Heyen  and  Gray  on  the  apper  plain  of  S.  Fernando 
(mentioned  in  a  previous  note)  probably  belong  to  this 
same  class  of  phenomena. 

These  fringes  of  stratified  gravel  occur  along  all  the 
great  valleys  of  the  Cordillera,  as  well  as  along  their 
main  branches ;  they  are  strikingly  developed  in  the 
valleys  of  the  ^^laypu,  Mendoza,  Aconcagua,  Cachapual, 
and  according  to  lleyen,^  in  the  Tinguirica.  In  the 
vallevs,  however,  of  northern  Chile,  and  in  some  on  the 
ea.stem  flank  of  the  Cordillera,  as  in  the  Portillo 
Valley,  where  streams  have  never  flowed,  or  are  quite 
insignificant  in  volume,  the  presence  of  a  mass  of 
stratified  gravel  can  be  inferred  only  from  the  smooth 
slightly  o-noave  form  of  the  bottom.  One  natunilly 
seeks  for  some  explanation  of  so  general  and  striking  a 
phenomenon;  that  the  matter  forming  the  fringes 
along  the  valleys,  or  still  filling  up  their  entire  beds, 
has  not  fallen  from  the  adjoining  mountains  like 
common  detritus,  is  evident  from  the  complete  con- 
trast in  every  respect  between  the  gravel  and  the  piles 
of  dftritus,  whether  seen  high  np  the  valleys  on  their 
sides,  or  low  down  in  front  of  the  more  precipitous 
ravines;  that  the  matter  has  not  been  deposited  by 
dt'bacles,  even  if  we  could  believe  in  debacles  having 
rushed  down  every  valley,  and  all  their  branches,  east- 
ward and  westward  from  the  central  pinnacles  of  the 
Cordillera,  we  must  admit  from  the  following  reasons, 
— from  the  distinct  stratification  of  the  mass, — its 
smooth  upper  surface, — the  well-rounded  and  some- 
times encrusted  state  of  the  pebbles,  so  different  from 
the  loose  debris  on  the  mountains, — and  especially  from 
the  terraces  preserving  their  uniform  inclination  round 

>  •  Beifie/  &o.  Th.  I.  s.  302. 
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tiie  jaast  kbrnpl  bends.  To  scpnnse  th&t  as  tlie  lani^. 
Bern-  eTands.  the  rivere  deposited  the  sliinirl"  nionp  the 
pauT3e  of  eve?T  Talley,  end  all  their  main  bmncfaeG.. 
Biiyeare  to  me  prvposterons.  eeeinc  that  these  same 
rive-E  not  onlj  are  now  removinir  and  have  Temoved 
tnacli  of  thif  deposii.bnt  are  evernrhftre  tendinc  Tn  cnt 
deep  and  narrow  porires  in  the  hard  nuderlrini:  Tocfcs. 

I  hare  KEaled  'Lhai  these  frinirps  of  cravel.  iJie  oriirin 
of  which  is  inerplicable  on  the  notion  of  debacles  or 
of  ordinarr  alicrial  action,  are  directjr  eon  tin  nous  with 
the  similarlT-composed  basin-like  plains  at  the  f<TOt  of 
the  C'ordillera,  which,  from  the  several  reasons  before 
aaricned.  I  cannot  doubt  wexe  mcvlelled  bv  the  nirencr 
of  the  sea,  Now  if  we  snppow  that  the  sea  formorlr 
occnpied  the  valleys  of  the  Chilian  CordiUi-ra.  in  pn'^ 
raselv  the  same  manner  as  it  now  d.^es  in  the  more 
BOnthem  parts  of  the  continent,  where  di'op  v.  indini: 
^creeks  penetrate  into  the  rerr  heart  of,  and  in  the  case 
of  Obstruction  Sound  quite  ihrouph,  this  gront  nmce; 
and  if  we  suppose  that  the  monntAios  were  npraiiied  in 
the  same  slow  manner  as  the  eastern  and  westom  Ciwists 
have  been  upraised  within  the  recent  periixl,  then  the 
ongin  and  formation  of  these  sloping.  terra(i»-like  frinKr«i 
of  gravel  can  be  simply  explained.  For  evorj-  i>art.  of 
the  bottom  of  each  valley  » ill,  on  this  view,  have  loii(j 
Btood  at  the  head  of  a  sea-creek,  into  which  the  thou 
existing  torrents  will  have  delivered  fnurineiita  of  nvks, 
where,  by  the  action  of  the  tides,  they  will  have  Ih'en 
rolled,  sometimes  encrusted,  rudely  stmtilied,  and  tho 
whole  surface  levelled  by  the  blendinf^  togi'ther  of  tlii« 
B  beach  lines,'     As  the  laud  rose,  tho  torn^uls 


'  Sloping  terraces  of  prcciselj  aimiUir  structuro  havn  liii-n  ■!* 
•cribed  by  me  ('  Pbilosnph.  Tnujraolionn,'  ia3;>.  p.  (IS)  in  lli«  viillry* 
of  Lochaber  in  Scotland,  whorc,  at  hitther  lovul*.  the  imrnlli'l  nmilB 
of  Gloa  Roy  ihow  the  marks  of  the  long  vnA  qnlot  rcxiili'noo  of  a 
glacial  lake.    I  bava  do  doubt  Ibot  ilopiDg  torruoM  woulil  linvc  boon 
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in  erezT  vallev  irlll  hsTe  tended  to  k&re  remored  the 
matrer  which  ju^  before  had  been  ftrresced  on,  or  near, 
th^  h^ach4iii'=ns :  the  torrenta.  also,  having  continaed 
to  j^sdn  in  f^roe  bv  the  CHitinced  eleTadon  incrirasing 
thi^ir  total  descent  from  their  sc'iirces  to  the  sea^  Th;3 
■low  rising  of  the  Cordillera,  which  explains  so  well  the 
otherwise  inexplicable  origin  and  Etmcmre  of  the  ter- 
races, jadging  from  all  known  analogies,  will  probably 
have  been  intermpted  by  many  periods  of  rest ;  bat  we 
oaght  not  to  expect  to  iind  any  evidence  of  these  periods 
in  the  structure  of  the  gravel-terraces :  for.  as  the  waves 
at  the  heads  of  deep  creeks  have  little  erosive  power,  so 
the  only  effect  of  the  sea  having  long  remained  at  the 
fcar:.e  level  will  be  that  the  upper  parts  of  the  creeks 
will  Lave  become  fillnrd  up  at  such  periods  to  the  level 
of  the  water  with  gravel  and  sand;  and  that  afterwards 
the  rivers  will  have  thrown  down  on  the  filled-up  parts 
a  talu3  of  similar  mattrT.  of  which  the  inclination  (as 
at  the  head  of  a  partially  filled-up  lake)  will  have  been 
detf-miined  by  the  supply  of  detritus,  and  the  force  of 
thf»  stream.*  Hence,  after  the  final  conversion  of  the 
cn:eks  into  valleys,  almost  the  only  difference  in  the 
terrHces  at  those  points  at  which  the  sea  stood  long,  will 
be  a  somewhat  more  gentle  inclination,  with  river-worn 
instead  of  sea- worn  detritus  on  the  surface. 

I  know  of  only  one  difficulty  on  the  foregoing  view, 
namely,  the  far-transported  blocks  of  rock  high  on  the 
BjMes  of  the  valley  of  the  Cachapual :  I  will  not  attempt 
any  explanation  of  this  phenomenon,  but  I  may  state 

pTftMjnt  in  tlio  valleys  of  most  of  the  European  ranges,  had  Dot 
every  trace  of  Uiem,  and  all  wrecks  of  sea-actinn,  be(^n  swept  away 
hy  t  h(i  glaciers  wliich  have  since  occupied  tlicm.  I  hare  shown  that 
thin  is  the  case  with  the  mountains  ('London  and  Edin.  Phil. 
Journal/  vol.  xxi.  p.  187)  of  North  Wales. 

>  I  have  attempted  to  explain  this  process  in  a  more  detailed 
mnnnrr,  in  a  letter  to  Mr.  Maclaren,  published  in  the  'Edinbaxgb 
New  riiil.  Journal,'  vol  zxzv.  p.  288. 


iaar  Jija-:?u    '"^Hk. 


mj  i-eli^r tm:  a  jg-Tsaaa.  riar^  near  tbf  B:i:;i>  ,-.-'  ':■,■.- 
quenei  DOE  b?ei.  cpr&ieed  laar  sn'us^qnr-r.i'iT  ir  &!.  ::;e 
fois-  •^i  p^  IE  iflc  ii^ijriiixinrhii->d-  fine  di*:  whei.  j:.:* 

it  xhis  and  otbe:  TTslieys,  events,  th.ij  havi-  .xvr.—^-i"  !i.; , 
birr  VT^L  oc  s  pTander  acaif  liian,  thai  iiis.'rii>,^.'.  ^^ 
M^'iini.'  wh^L  b  niir  duriiic  tie  fuirritqu^kr  of  "i"!^- 
luiiiked  up  iar  tit  dr^vf  tiit-  prfttiT  rirsr  Lon:!:i'.  wbw;, 
then  bnrmur  iif  borri-jr  '  inmida:?iC  tnc  whole  .vmitri-.' 
Kud  d:>n:ni=6s  ■:Tjnii^xt^L.mBTij  rr-.u:  fniirnn-rrs.v  ?.vi.. 
KniJJj.  nanrTLnFTandiiir  i;.it  n:;?  .•;»*!>  of  diffi-i;';),  1 
Cinnoi  flnt-erTfttii  arj  d.isSt,  ua-T  ih«tf*  torm .»■■>■  ^Ic  - 
frir:j*6.  wtiti  sTr  ccit-ix.!! ^nf V  7.r.;"?n  wi:h  •in''  S'nsln- 
cLiipfd  pl&inf  Bi  lir  f.K^;  .if  ibf-  i.'.ir^.i'.ltrd.  Y.nw-  V.'-n 
TTiaed  br  lie  arr^-stnisiiT  i>f  ri^-.r-h.iysc  Jitril'.is  s.r 
'  ■C,'n.;t:di[   at  1^  H:fi-" ic.  tc  V '.  ;■  ^.'v    M   r.ror.ii.url-  .r. 

■idcn  ihu  lilt  bD^Jer»  ji:  tiiC  i^Kih:  si.,  in  .  :  ^  '.-  llir  ia:;  r  .-Inv 
•■■lii  tilt  niaric  tK.Llatn  ti  Ecr  ■;.tv     Af  :.',(  :■  -■.  -»  i'..:,!.  1  sn«  ;.-,■. 

fcit't^ii:  tiecai  'raEsii.a-.j-d :h;:.,T  ocM**  ;,•■  Mst^is.  nr  «-,J.--i»;ii>», 
1  am  ii;^willi:ip :;  cl^>f  i:>ea.  vi::.  :h»c. «!.:.■; ,  K'>:V.  :r  ihcn.inlic'Ti 
and  wuliicrn  iiemisiihel*  \' Gi-ftliij:.  llky.**.*.*  rt-il.  ^i.  p  41S\  >ifl>T 
beeL  tTua^xmed  tj  ice.  ]i  ir  to  U'  !itijip.l.i;.kI«l>or.  M.  iiftjVTiir.p- 
CbLLaned  and  sdollntile  UtK-tt»  ib  CLi.r  «n  j  s'.>':i.1  n1,  in>trr  :t^l.i 
Till  be  throira  on  ihi»  inhject,  H.'Wtot.  ito  IviiMcrt  mity  hii>« 
been  prinarilr  tninspciried :  iLe  Sii>l  piviii.-ii  of  th.wo  .^f  iviqili\Ty, 
vcJcb  bsie  bees  disscribed  at  aTTari^\)  at  the  f>H>t  at  ihp  nh>:'>i.t^:n 
in  rode  liuec,  J  cannot  d.ralfl.  has  l*fn  liuo  t.'  ti.o  «(iiiin  iif  watvs 
on  a  beach.  The  Tallrj  of  Ihr  Caclmpual,  in  Ihp  pnrt  <rhri«  IW 
boalders  occur,  bursts  tbroui;b  llic  1<i|:h  lid^  c-t  CnnCftfni'*.  ivhii'h 
niDs  pOTsUel  lo,  but  at  some  tlifiaiiw  ftxim,  the  t\)hli-1oni.  Tliix 
ri'lpe  has  been  Ribjecied  to  eKccswivc  TioIcii«*{  tiadyli.-lnva  ha" 
buret  frcm  il,  and  hot  spriiifr*  vM  tl.iw  nt  itn  hmm:  SivitiK  tl»» 
enormoos  amoQut  of  dt-nud.ilii'n  of  soliil  ri>rk  in  the  ti)<]YT  :in>t  niiuili 
broader  parts  of  Ibis  mllpy  where  it  ontcm  thi'  ('iuiliUi'i»,  anil  nf- 
iDg  to  what  extent  the  rid)re  of  Cnuquvnea  now  i<ri>ti'i'tii  tlii>  i;t>-nl 
range,  I  conld  not  help  Ixilievinir  [an  n1liuli<il  to  in  thi-  toxi)  ilnti 
this  ridge  with  ita  iracbytic  eruption;)  hiid  l)ot-u  thr»wn  ii|>n(  a  niiii'h 
later  period  th-in  Ihe'Conlillcm,  If  IJiln  hiw  Ih'.-h  Ibi'  isi*.>.ilii' 
boaldera,  after  bnving  been  tr.inx]iortC(l  to  a  Inw  lt<>i*l  t>y  thn 
torrrnts  (wliicb  eihibit  in  overj"  valli-y  pnxifa  nt  llu'ir  imwiT  nt 
moving  great  frafrmeota),  mny  Iinvc  lieon  isiaml  up  to  tlii'lr  iinwnl 
height,  with  the  land  od  which  Ihey  rcalod. 


298  Formation  of  Valleys.  fam  zl 

mccessive  levels,  in  the  same  manner  as  we  see  now 
taking  place  at  the  heads  of  all  these  many,  deep, 
winding  fiords  intersecting  the  southern  coasts.  To  my 
niind,  this  has  been  one  of  the  most  important  con- 
clusions to  which  my  observations  on  the  geology  of 
Soath  America  hare  led  me ;  for  we  thus  learn  that  one 
of  the  grandest  and  ma?t  synmietrical  mountain-chains 
in  the  world,  with  its  several  parallel  lines,'  have  been 
together  uplifted  in  mass  between  7,000  and  9,000 
feet,  in  the  same  gradual  manner  as  have  the  eastern 
and  western  coasts  within  the  recent  period. 

Formation  of  Valleys, 

The  bulk  of  solid  rock  which  has  been  removed  in 
the  lower  parts  of  the  valleys  of  the  Cordillera  has  been 
enomious ;  it  is  only  by  reflecting  on  such  cases  as  that 
of  the  gravel  beds  of  Patagonia,  covering  so  many  thou- 
sand square  leagues  of  surface,  and  which  if  heaped  into 
a  ridire,  would  form  a  mountain-range,  almost  equal  to 
the  Cordillera,  that  the  amount  of  denudation  becomes 
credible.     The  valleys  within  this  range,  often  follow 

'  I  do  not  wish  to  afl^rm  that  all  the  lines  have  been  uplifted 
quite  equally ;  slight  ditferences  in  the  elevation  would  leave  no 
j.enreptible  elTect  on  the  terraces.  It  may,  however,  be  inferred, 
perhaps  \\iih  one  exception,  that  since  the  period  when  the  sea 
Ofjcupied  these  valleys,  the  several  ranges  have  not  been  dislocated 
by  yrrat  and  abrupt  faults  or  upheavals ;  for  if  such  had  occurred, 
the  terrac<;s  of  gnivcl  at  these  points  would  not  have  been  conti- 
nuous. The  one  exception  is  at  the  lower  end  of  a  plain  in  the  Valle 
del  Yc80  (a  hranch  of  the  Maypa),  where,  at  a  great  height,  the 
t*Traces  and  valhiy  appt^ar  to  have  been  broken  through  by  a  line  of 
upheaval,  of  which  the  evidence  is  plain  in  the  adjoining  mountains; 
this  dislocation,  perhaps,  occurred  after  the  elevation  of  this  part  of 
the  valley  above  the  level  of  the  sea.  The  valley  here  is  almost 
blrx;ke<l  up  by  a  pile  above  1,000  feet  in  thickness,  formed,  as  far  as 
I  could  judge,  from  three  sides,  entirely,  or  at  least  in  chief  part,  of 
gravel  and  detritus.  On  the  south  side,  the  river  has  cat  quite 
through  this  mass  ;  on  the  northern  side,  and  on  the  very  summit 
deep  rjivines,  parallel  to  the  line  of  the  valley,  are  worn,  as  if  the 
drainage  from  the  valley  above  had  passed  by  the.-«e  two  lines  beftM 
following  its  present  course. 


cKii.  X.  Formaium  of  ValkvL.  sog 

anticlinal  bnt  Tsrehr  erncliiik]  lines :  ih,u  is.  the  smr* 
oa  the  t^o  fiidee more  often  dip  froiE  lie  line  of  Ktk'tey 
than  towards  it.  On  tbe  flaxits  of  the  nmpe.  lie  ralleTS 
most  frequemtlT-  nm  neither  A\anc  Butiriinal  nor  £vn- 
clinal  Bxes.  bm  &lonr  iioeE  of  fiexnre  co*  &q>»  :  tfaM  is. 
the  stTBtB  cm  botli  sides  dip  in  lie  same  direcljon.  but 
with  diferent,  tiiong'h  often  onh-  slurhtlT  diffei^Qt, 
inclin&dcms.  As  nscKl  of  lie  nearlj  parallel  ridtm 
which  together  form  the  Ci:>riilieni  ran  appioiimatelT 
north  and  sontK  the  east  aiid  west  vallejs  cross  them 
in  rag-ZAg-  lines,  Inrslini:  ihrpngh  the  pt'inTs  where  the 
EtratA  have  been  least  inclined.  Xo  do^bt  the  prMt*^ 
part  of  the  dennd&don  was  affected  at  the  periods  when 
tidal  cre^s  oocnpied  the  valleys,  and  when  the  outer 
flanks  cS  tie  moontains  were  exposed  to  the  full  foive 
of  an  open  ocejin.  I  have  already  alluded  to  the  power 
of  the  tidal  action  in  the  channels  cuiniieciing  gTeat 
bays ;  and  I  may  here  mention  that  one  of  the  surveying 
vessels  in  a  channel  of  this  kind,  though  under  sail, 
was  whirled  round  and  round  by  the  force  of  the  current. 
"We  ehall  hereafter  see,  that  of  the  two  iiiain  ridgt^a 
forming  the  Chilian  Cordillera,  the  eastern  and  loftiest 
one,  owes  the  greater  part  of  its  anmiar  upheiival  to  a 
period  Bobsequent  to  the  elevation  of  thewfsti'ni  riilge; 
and  it  is  likewise  probable  that  niiiny  of  the  other 
parallel  ridges  have  been  angularly  upheavetl  at  dilTonnit 
periods ;  consequently  many  parts  of  the  surfaces  of 
these  mountains  must  formerly  have  Iwt'ii  exposal  to 
the  full  force  of  the  waves,  which,  if  the  Cordilli'm 
were  now  snnk  into  the  sea,  would  be  protecteil  liy 
parallel  chains  of  islands.  The  tori'enfa  in  the  vniU\vs 
certainly  have  great  power  in  wearing  tlie  rocks;  ns 
could  be  told  by  the  dull  rattling  sound  of  the  uiauy 
fragments  night  and  day  hurrying  downwards ;  and  ns 
was  attested  by  the  vast  size  of  certain  fragments,  whioh 
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I  was  asanred  had  been  carried  onwards  daring  flnodi* ; 
yet  we  have  seen  in  the  lower  parts  of  the  Talleys,  that 
the  torrents  have  seldom  removed  all  the  sea-checked 
shingle  forming  the  terraces,  and  have  had  time  since 
the   last  elevation  in  mass  onlv  to  cat  in  the  under- 

m 

lying  rocks,  gorgres,  deep  and  narrow,  but  quite  insigni- 
ficant in  dimensions  compared  with  the  entire  width 
and  depth  of  the  valleys. 

Along  the  shores  of  the  Pacific,  I  never  ceased 
daring  my  many  and  long  excursions  to  feel  astonished 
at  seeing  every  valley,  ravine,  and  even  little  inequality 
of  surface,  both  in  the  hard  granitic  and  soft  tertiary 
districts,  retaining?  the  exact  outline,  which  thev  had 
when  the  sea  left  their  surfaces  coated  with  organic 
remains.  When  these  remains  shall  have  decayed, 
there  will  be  scarcely  any  difference  in  appearance  be- 
tween this  line  of  coast-land  and  most  other  countries, 
which  we  are  accustomed  to  believe  have  assumed  their 
present  features  chiefly  through  the  agency  of  the 
weather  and  fresh -water  streams.  In  the  old  granitic 
districts,  no  doubt  it  would  be  rash  to  attribute  all  the 
modifications  of  outline  exclusivelv  to  the  sea-aclion; 
for  who  can  say  how  often  this  lately  submerged  coast 
may  not  previously  have  existed  as  land,  worn  by  run- 
ning streams  and  washed  by  rain  ?  This  source  of  doubt, 
however,  does  not  apply  to  the  districts  superficially 
formed  of  the  modern  tertiary  deposits.  The  valleys 
worn  by  the  sea,  through  the  softer  formations,  both  on 
the  Atlantic  and  Pacific  sides  of  the  continent,  are 
generally  broad,  winding,  and  flat- bottomed :  the  only 
district  of  this  nature  now  penetrated  by  arms  of  the 
sea,  is  the  Island  of  Chiloe. 

Finally,  the  conclusion  at  which  I  have  arrived, 
with  respect  to  the  relative  powers  of  rain  and  sea  water 
on  the  land,  is,  that  the  latter  is  far  the  most  efficient 
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spent,  and  taue   its  ciiiaf  tendsncT*  s  to  iriom  n^e 

and  to  remc^e  xbe  irr^cE  cf  tbe  9e^'s  dtsrv'iriitr  arn.tn. 
Ab  tbe  'graves  ksr^  more  }K>ver.  the  more  i^tetn  wid  ex- 
posed the  BpBoe  m&j  1^  so  vill  th^  alir&rs  tcsid  w 
widen  iddi*  and  mo^e  tbe  mcnnlif  of  vajers  roirpiK^ 
witli  tl»eir  nppvT  pans:  hfaoe.  donbtkss.  it  is,  that 
most  Tallt^  expand  ti  iliear  mcinlis. — that  pan.  at 
which  the  riran  fiowing  in  them,  generallr  hare  the 
leaft  weaiinr  p^w-er. 

When  ivSeoting  cm  the  artii.'m  of  the  sea  on  the 
land  a£  ftamer  Wrls,  the  effect  of  the  great  waxies. 
which  generallj  acNXitEpanj  earthqcakee,  mnst  not  he 
orerloc^ed :  few  rears  pass  without  a  serere  eaithqnal:? 
occurring  on  some  part  of  the  west  cviast  of  Souili 
America;  and  the  wares  thus  cansed  hare  grMt  p.twor. 
At  Ctmcepcion.  after  the  sfaork  of  ISSo.  I  saw  ]at^^ 
alabs  of  sandstone,  oue  of  which  w:i$  six  fivt  long.  thn.'O 
in  breadth,  and  two  in  thickness,  thrown  high  np  on 
the  beach ;  and  ^m  the  nature  of  the  tn:miie  aniniaU 
still  adhering  to  it,  it  mast  hare  been  torn  up  from  a 
coDEiderable  depth.  On  the  other  hand,  at  Callno.  tho 
recoil-wave  of  the  earthquake  of  1746  carriiHl  gn\it 
masses  of  brickwork,  between  three  and  four  feet  &^unn', 
Bome  way  out  seaward.  During  the  course  of  ages,  tho 
effect  thoB  produced  at  each  successive  level,  cannot 
hare  been  small;  and  in  some  of  the  tertinry  di'imsits 
on  this  line  of  coast,  I  observed  great  boulders  of 
granite  and  other  neighboaring  rocks,  enibi^ltli^H,!  in 
fine  sedimentary  layers,  the  transportat  of  which,  except 
by  the  means  of  earthquake-waves,  always  nii|>oured  to 
me  inexplicable. 
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M.  d'Orbigny,  and  &om  finding  on  a  fresh  ezstninatiion 
of  this  agglomerated  Band,  that  it  ia  not  iiregolarly 
cemented,  but  consists  of  tbia  layers  of  sand  of  different 
tinte  of  colour,  alternating  with  excessively  fine  paral- 
lel layers  of  salt,  I  conclude  that  it  is  not  of  alluvial 
origin.  M.  d'Orbigny'  observed  analogous  saline  beds 
extending  from  Cobija  for  five  degrees  of  latitude 
northward,  and  at  heights  varying  from  600  to  900 
feet:  from  finding  recent  sea-shells  strewed  on  these 
Baliferous  beds,  and  under  them,  great,  well-rounded 
blocks,  exactly  like  those  on  the  existing  beach,  he 
believes  that  the  salt,  which  ia  invariably  superficial, 
has  been  left  by  the  evaporation  of  the  sea-water.  This 
same  conclusion  must,  I  now  believe,  be  extended  to 
the  superficial  saliferous  beds  of  Iquique,  though  they 
stand  about  3,000  feet  above  the  level  of  the  sea. 

Associated  with  the  salt  in  the  superficial  beds, 
there  are  numerous,  thin,  horizontal  layers  of  impure, 
dirty-white,  friable,  gypseous  and  calcareous  tuffs.  The 
gypswius  beds  are  very  remarkable,  from  abounding 
with,  so  as  sometimes  to  be  almost  composed  of,  irregu- 
lar concretions,  from  the  size  of  an  egg  to  that  of  a 
man's  head,  of  very  hard,  compact,  heavy  gypsum,  in 
the  form  of  anhydrite.  This  gypsum  contains  some 
foreign  particles  of  stone;  it  is  stained,  judging  from 
its  action  with  borax,  with  iron,  and  it  exhales  a  strong 
sinminons  odour.     The  surfaces  of  the  concretions  are 

'  'Voyage,' 4c.  p.  103.  M.  d'Orbigny  found  this  deposit  intcr- 
•ectcd,  in  many  plaices,  by  deep  ravines,  in  which  there  was  no  salt. 
Streams  must  once,  though  hisioricall.v  unknown,  have  Sowed  ia 
them ;  and  M.  d'Urbigny  ar^es  from  the  pre-ience  of  undinsolTcd 
■alt  over  the  whole  surrounding  count  ry,  that  the  streams  must  have 
■risen  from  rain  or  snow  having  fallen,  not  in  theniijoining  country, 
bat  oil  the  now  arid  Cordillera.  I  may  remark,  th:it  from  having 
observed  rain"  of  Indian  buildings  in  absolutely  sicrile  pirts  of  the 
Chilian  Cor<li11era  {'Journal.'  2nd  edit.  p.  357),  1  am  led  io  believe 
that  the  climate,  &t  a  time  when  Indian  man  inhabited  this  part  of 
the  continent,  was  in  some  slight  tlvgrce  more  humid  than  it  is  at 
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marked  by  Bharp,  radiating,  or  bifurcating  ridges,  as  if 
they  had  been  (but  not  really)  corroded  :  internally 
they  are  penetrated  by  branching  reins  (like  those  of 
calcareous  spar  in  the  Beptaria  of  the  London  clay)  of 
pure  white  anhydrite.  These  veins  might  naturally 
have  been  thought  to  have  been  formed  by  subsequent 
infiltration,  had  not  each  little  embedded  fragment  of 
rock  been  likewise  edged  in  a  very  remarkable  manner 
by  a  narrow  border  of  the  Bame  white  anhydrite :  thia 
shows  that  the  veins  must  have  been  formed  by  a  pro- 
cess of  segregation,  and  not  of  infiltration.  Some  of 
the  tittle  included  and  crat^ced  fragments  of  foreign 
rock  are  penetrated  by  the  anhydrite,  and  portions  have 
evidently  been  thus  mechanically  displaced:  at  St. 
Helena,  I  observed  that  calcareous  matter,  deposited  by 
rain-water,  also  had  the  power  to  separate  small  frag- 
ments of  rock  from  the  larger  masses,  I  believe  the 
superficial  gypseous  deposit  is  widely  extended :  I  re- 
ceived specimpDS  of  it  from  Pisagua,  forty  miles  north 
of  Iquique,  and  likewise  from  Arica,  where  it  coats  a 
layer  of  pure  salt.  M.  d'Orbigny '  found  at  Cobija  a 
bed  of  clay,  lying  above  a  mass  of  upraised  recent  shells, 
which  was  saturated  with  sulphate  of  soda,  and  included 
thin  layers  of  fibrous  gypsum.  These  widely  extended, 
superficial,  beds  of  salt  and  gypsum,  appear  to  me  an 
interesting  geological  phenomenon,  which  could  be  pre^ 
sented  only  under  a  very  dry  climate. 

The  plain  or  basin,  on  the  borders  of  which  the 
famous  bed  of  nitrate  of  soda  lies,  is  situated  at  a 
distance  of  about  thirty  miles  from  the  sea,  being  sepa* 
rated  from  it  by  the  saliferous  district  juat  described. 
It  stands  at  a  height  of  3,300  feet ;  its  surface  ia  level* 
and  some  leagues  in  width ;  it  extends  forty  miles 
northward,  and  has  a  total  length  (as  I  was  infarmed 
•  '  Voyage  Giolog.'  4c.  p.  9S. 
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by  Mr.  Belford  Wilson,  the  Conaul-General  at  Lima) 
of  420  miles.  la  a  nell  near  tbe  works,  thirty-six 
yards  in  depth,  sand,  earth,  and  a  little  gravel  were 
found  :  in  another  well,  near  Almonte,  fifty  yards  deep, 
the  whole  consisted,  according  to  Mr.  Bluke,'  of  clay, 
including  a  layer  of  sand  two  feet  thick,  which  rested 
on  fine  gravel,  and  this  on  coarse  gravel,  with  large 
rounded  fragments  of  rock.  In  many  parts  of  this  now 
utterly  desert  plain,  rashes  and  large  prostrate  trees  in 
a  hardened  state,  apparently  Mimosas,  are  found  buried, 
at  a  depth  from  three  to  six  feet;  according  to  Mr. 
Blake,  they  have  all  fallen  to  tbe  south-west.  The  bed 
of  nitrate  of  soda  is  said  to  extend  for  forty  or  fifty 
le^nes  along  the  western  margin  of  the  plain,  but  is 
not  fonnd  in  its  central  parts :  it  is  from  two  to  three 
feet  in  thickness,  and  is  so  hard  that  it  is  generally 
blasted  with  gunpowder ;  it  slopes  gently  upwards  from 
the  edge  of  the  plain  to  between  ten  and  thirty  feet 
above  its  level.  It  rests  on  sand  in  which,  it  is  said, 
vegetable  remains  and  broken  shells  have  been  found  j 
shells  have  also  been  found,  according  to  Mr.  Blake, 
both  on  and  in  the  nitrate  of  soda.  It  is  covered  by 
asnperficial  mass  of  sand,  containing  nodules  of  common 
salt,  and,  as  I  was  assured  by  a  miner,  much  soft  gyp- 
seous matter,  precisely  like  that  in  the  superficial  crust 
already  described  :  certainly  this  crust,  with  its  charac- 
teristic concretions  of  anhydrite,  comes  close  down  to 
the  edge  of  the  plain. 

The  nitrate  of  soda  varies  in  purity  in  different 
parts,  and  often  contains  nodules  of  common  salt. 
According  to  Mr.  Blake,  the  proportion  of  nitrate  of 
silver  varies  &om  twenty  to  seventy-five  per  cent.     An 
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analysia  by  Mr.  A.  Hayes,  of  an  average  specimeiiy 
gave — 

Nitrate  of  Soda 64*98 

Sulphate  of  Soda 300 

Chloride  of  Soda 28*69 

Iodic  Salts 0*63 

Shells  and  Marl 2-60 

99*90 

The  *  mother  water '  at  some  of  the  refineries  is  very 
rich  in  iodic  salts,  and  is  supposed '  to  contain  much 
muriate  of  lime.  In  an  unrefined  specimen  brought 
home  by  myself,  Mr.  T.  Keeks  has  ascertained  that  the 
muriate  of  lime  is  very  abundant.  With  respect  to  the 
origin  of  this  saline  mass,  from  the  manner  in  which 
the  gently  inclined,  compact  bed  follows  for  so  many 
miles  the  sinuous  margin  of  the  plain,  there  can  be  no 
doubt  that  it  was  deposited  from  a  sheet  of  water  :  from 
the  fragments  of  embedded  shells,  from  the  abundiiiit 
iodic  salts,  from  the  superficial  saliferous  crust  occur- 
ring at  a  higher  level  and  being  probably  of  marine 
origin,  and  from  the  plain  resembling  in  form  those  ol 
Chile  and  that  of  Uspallata,  there  can  be  little  doubt 
that  this  sheet  of  wat^r  was,  at  least  originally,  con- 
nected with  the  sea.^ 

Thin^  Buperficial^  saline  Incrustations.  —  These 
saline  incrustations  are  common  in  many  parts  of 
America :  Humboldt  met  with  them  on  the  table-land 


»  » Literary  Gazette/  1841,  p.  475. 

*  From  an  otficial  document,  shown  me  by  Mr.  Belford  Wilson, 
it  api>cars  tliat  the  first  export  of  nitrate  of  soda  to  Europe  was  in 
July  1830,  on  French  account,  in  a  British  ship: — 


QolntalA. 

In  1830,  the  entire  export  was 

• 

.     17,300 

1831,            „            „ 

.    40,885 

1832,            „            „ 

« 

51,400 

1833,            „            ,, 

• 

.    91,33S 

1834,            „            „ 

• 

.  149,538 

The  Spanish  qointal  nearly  equals  100  English  ponndB. 
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of  MesdoOy  and  the  Jesuit  Falkner  and  other  authors  * 
Etate  that  thev  occur  at  interrals  over  the  vast  plains 
extending  from  the  mouth  of  the  Plata  to  Rioja  and 
Catamarca.  Henoe  it  is  that  during  droughts,  most  of 
the  streams  in  the  Pampas  are  Wine.  I  nowhere  met 
with  these  incrustationB  so  abundantly  as  near  Bahia 
Blanca :  square  miles  of  the  mud-flats,  which  near  that 
place  are  raised  only  a  few  feet  above  the  sea,  just 
enough  to  protect  them  from  being  overflowed,  appear, 
after  dry  weather,  whiter  than  the  ground  after  the 
thickest  hoar-frost.  After  rain  the  salts  disappear,  and 
every  puddle  of  water  becomes  highly  saline ;  as  the 
surface  dries,  the  capillary  action  draws  the  moisture  up 
pieces  of  broken  earth,  dead  sticks,  and  tufts  of  grass, 
where  the  salt  efiSoresces.  The  incrustation,  where 
thickest,  does  not  exceed  a  quarter  of  an  inch.  M. 
Parchappe  *  has  analysed  it ;  and  finds  that  the  speci- 
mens collected  at  the  extreme  head  of  the  low  plain, 
near  the  R.  Manuelo,  consist  of  ninety-three  per  cent. 
of  sulphate  of  soda,  and  seven  of  common  salt ;  whilst 
the  specimens  taken  close  to  the  coast  contain  only 
sixty-three  per  cent,  of  the  sulphate  and  thirty-seven 
of  the  muriate  of  soda.  This  remarkable  fact,  together 
with  our  knowledge  that  the  whole  of  this  low  muddy 
plain  has  been  covered  by  the  sea  within  the  recent 
period,  must  lead  to  the  suspicion  that  the  common 
salt,  by  some  unknown  process,  becomes  in  time 
changed  into  the  sulphate.  Friable  calcareous  matter 
is  here  abundant,  and  the  case  of  the  apparent  double 
decomposition  of  the  shells  and  salt  on  S.  Lorenzo, 
should  not  be  forgotten. 

The  saline  incrustations,  near  Bahia  Blanca,  are  not 

>  Azara  (*  Travels/  vol.  i.  p.  56)  considers  that  the  Parana  is  the 
eastern  bonndary  of  the  salif erons  region ;  but  I  heard  of  *  salitrales  * 
In  the  Province  of  Entre  Rios. 

•  M.  d'Orbigny's  •Voyage,'  &o.  Part  Hist  torn,  t  p.  661 
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confined  to,  though  most  abundant  on,  the  low  muddy 
flat« ;  for  I  noticed  some  on  a  calcareous  plain  between 
thirty  and  forty  feet  above  the  sea,  and  even  a  little 
occurs  in  still  higher  valleys.  Low  alluvial  tracts  in 
the  valleys  of  the  rivers  Negro  and  Colorado  are  also 
encrusted,  and  in  the  latter  valley  such  spaces  appeared 
to  be  occasionally  overflowed  by  the  river.  I  observed 
saline  incrustations  in  some  of  the  valleys  of  southern 
Patagonia.  At  Port  Desire  a  low,  flat,  muddy  valley 
was  thickly  incrusted  by  salts,  which  on  analysis  by 
Mr.  T.  Reeks,  are  found  to  consist  of  a  mixture  of  sul- 
phate and  muriato  of  soda,  with  carbonate  of  lime  and 
earthy  matter.  On  the  western  side  of  the  continent, 
the  southern  coasts  are  much  too  humid  for  this  phe- 
nomenon; but  in  northern  Chile  I  again  met  with 
similar  incrustations.  On  the  hardened  mud,  in  parts 
of  the  broad,  flat-bottomed  valley  of  Copiapo,  the  saline 
matter  incrusts  the  ground  to  the  thickness  of  some 
inches :  specimens,  sent  by  Mr.  Bingley  to  Apothe- 
caries' Hall  for  analysis,  were  said  to  consist  of  car- 
bonate and  sulphate  of  soda.  Much  sulphate  of  soda  is 
found  in  the  desert  of  Atacama.  In  all  parts  of  S. 
America,  the  saline  incrustations  occur  most  frequently 
on  low  damp  surfaces  of  mud,  where  the  climate  is 
rather  dry;  and  these  low  surfaces  have,  in  almost 
every  case,  been  upraised  above  the  level  of  the  seai 
within  the  recent  period. 

Salt-lakes  of  Patagonia  and  La  Plita. — Salinas, 
or  natural  salt-lakes,  occur  in  various  formations  on  the 
eastern  side  of  the  continent, — in  the  argillaceo-calca- 
reous  deposit  of  the  Pampas,  in  the  sandstone  of  the 
Rio  Negro,  where  they  are  very  numerous,  in  the  pumi- 
coous  and  other  beds  of  the  Patagonian  tertiary  forma- 
tion, and  in  small  primary  districts  in  the  midst  of  thii 
(atter  formation.    Port  S.  Julian  is  the  most  southerly 


caa.x.        of  La  Plata  ami  Patagimia.         309 

point  (lat.  49°  to  50°),  at  which  Balinas  are  koown  to 
'  occDT.'  The  depressions,  in  which  these  salt-lakes  lie, 
are  from  a  few  feet  to  sixty  mdtres,  as  asserted  by 
M.  d'Orbigny,*  below  the  anriace  of  t^e  sorronnding 
plains;  and,  according  to  this  same  anthor,  near  the 
Bio  Negro  they  all  trend,  either  in  the  NE.  and  SW. 
or  in  E.  and  W.  lines,  coincident  with  tho  general  slope 
of  the  plain.  These  depressions  in  the  plain  generally 
have  one  side  lower  than  the  others,  bat  there  are  no 
outlets  for  drainage.  Under  a  less  dry  climate,  an 
ontlet  wonld  soon  hare  been  formed,  and  the  salt 
washed  away.  The  Salinas  occur  at  different  elevations 
above  the  sea;  they  are  of^n  several  leagues  in  dia- 
meter; they  are  generaUy  very  shallow,  but  there  is  a 
deep  one  in  a  qaartz-rock  formation  near  C.  Blanco.  In 
the  wet  season,  the  whole,  or  a  part,  of  the  salt  is  dis- 
solved, being  redeposited  during  the  succeeding  dry 
season.  At  this  period  the  appearance  of  the  snow- 
white  expanse  of  salt  crystallised  in  great  cubes,  is  very 
striking.  In  a  large  salina,  northward  of  the  Rio  Negro, 
the  salt  at  the  bottom,  during  the  whole  year,  is  between 
two  and  three  feet  in  thickness. 

The  salt  rests  almost  always  on  a  thick  bed  of  black 
muddy  sand,  which  is  fetid,  probably  from  the  decay 
of  the  burrowing  worms  inhabiting  it.*  In  a  salina, 
sitoated  about  fifteen  miles  above  the  town  of  El  Car- 
men on  the  Rio  Negro,  and  three  or  four  miles  from 
the  banks  of  that  river,  I  observed  that  this  black  mud 
rested  on  gravel  with  a  calcareons  matrix,  similar  to 
that  spread  over  the  whole  surrounding  plains :  at  Port 

>  According  to  ktxn.  ('  Traveb,'  to].  1.  p.  68)  there  are  tftlt  lakes 
■■  far  north  aa  Ohaco  (lat.  S6°),  on  the  banks  ol  tbe  Vemn^o.  The 
■alt  lakea  of  Siberia  appear  (Pallas's  '  TrarelB,'  English  Tians.  toL  1. 
|i.  884)  to  oooor  in  ver;  similar  dspresBiona  to  those  of  Patagonia. 


'  "f  iiUf^rs  ai-c  asaofiuifj 


r  M.  H.iU.tH.  luwru 
'.■oiiiuluing'  innriata 


of  La  Plsiii  anj  P^^r,->Kij. 


ill.  Be^s  iLLf  &=.i2rieo  ix  =«  ».:=«  cf  ihe  silt 
from  the  sali^^s  c-eor  *be  RSo  Xe^rci.  he  £=ids  it  •:i:ci- 
poeed  ectir^ij  of  ciJc-ciii?  of"  a>£=r:,  with  the  excepcioo 
of  0-2fiof  salf-iire  :f  Ii=:ea2ii  ot'Off  d  iAiOkj  isaaaz 
titere  sre  go  tnos  d  L>iic  sal^s.  &.--;=:«  salts  frara  the 
^ina  Coiq^os  is  ibe  Punp^an  fonaaifoa.  is  eqmihr 
pore.  It  is  a  ass^Hat  &ct,  that  the  sa'.:  £k>ci  theso 
aslin^  dc«s  Z-cr.  eerre  so  well  for  preferring  ic«at,  as 
eea-salt  Iroct  the  Cape  de  TeHe  Islaads :  and  a  mer- 
chant at  Bceo-ie  Ajres  t:-!i  z:e  that  he  cvssiJered  it  as 
fifty  per  coit.  less  valcaKe.  The  pcrinr  of  the  Pnta- 
gDoian  salt,  or  absence  &vm  it  of  those  other  saline 
bodies  found  in  all  sea-water,  is  the  only  assignaUe 
cause  for  this  inferiority;  a  conclufion  vhich  is  SQp- 
pcvted  by  the  fact  lately  asoertalDed.*  that  those  salts 
answer  best  for  preserving  cheese  which  contain  most  of 
the  deliqaesceot  chlorides.* 

With  respect  to  the  origin  of  the  salt  in  the  salinas, 
the  foregoing  analysis  seems  opposed  to  the  riew  enter- 
tained by  M.  d'Orbigny  and  others,  and  which  seems 
BO  probable  considering  the  recent  elevation  of  this  line 
of  coest,  namely,  that  it  is  due  to  the  evaporation  of 
sea-water  and  to  the  drainage  from  the  snrToanding 
strata  impregnated  with  sea-salt.  I  was  informed  (t 
know  not  whether  accnrately)  that  on  the  northern  side 
erf  the  salins  on  the  Kio  Negro,  there  is  a  email  brine 
spring  which  flows  at  all  times  of  the  year:  if  this  bo 
so,  the  salt  in  this  case  at  least,  probftbly  is  of  Hnbtei^ 
ranean  origin.     It  at  Srst  appears  very  singnlar  that 

'  •Hort.andAgricnlt.QaiettcMSi.'!,  p.  93. 

*  It  woDld  piobabl7  weU  soswer  for  the  merchacti  of  Baonoa 
A7TeB(coi]sideriiig  the  great  oansamption  there  of  caltfoi  proMrvliig 
meat)  to  import  the  deliquescent  oliloridca  to  mix  irith  the  salt  tntra 
thesalinaa:  I  ma;  c^fttientloQ  to  the  fact,  that  at  Iijulqqo,  a  Utko 
qnuiUt;  of  miuiate  of  lime,  tett  in  the  pi«lhfT-icatt.-r  during  the 
n^unent  of  the  nitrata  of  soda,  U  anuiiaU;  thrown  uw»y. 
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fresh-water  can  often  be  procared  in  wells,^  and  is  some- 
times found  in  small  lakes,  quite  dose  to  these  salinas. 
I  am  not  aware  that  this  fact  bears  particnlarly  on  the 
origin  of  the  salt ;  but  perhaps  it  is  rather  opposed  to 
the  view  of  the  salt  having  been  washed  ont  of  the 
surrounding  superficial  strata,  but  not  to  its  having 
been  the  residue  of  sea-water,  left  in  depressions  as  the 
land  was  slowly  elevated. 

^  *  Sir  W.  Parish  states  ('  Buenos  Ayres,*  &o.  pp.  122  and  170)  that 
this  is  the  case  near  the  great  salinas  w^wani  of  the  S.  Yentana. 
I  have  seen  similar  statements  in  an  ancient  MS.  Jonmallately 
published  by  S.  Angelis.  At  Iqnique,  where  the  surface  is  so  thickly 
encrusted  with  saline  matter,  I  tasted  water  only  slightly  braclddi, 
procured  in  a  well  thirty-six  yards  deep ;  but  here  one  feels  less  sur- 
prise at  its  presence,  as  pure  water  might  percolate  under  ground 
from  the  not  very  distant  Cordillcxo. 
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CHAPTER  XL 

en  THE  rORHATIOSS  OF  THE  FUfPAa. 

tfeOf  «Bfc^&tf  ia  tatta-raci—Bmn  Aym  U  Oa  ai»nid»—S. 
•  Vattama^BtiimBUaem;  Jt.  Hermmi,h»»M»mdimfiarriatf:  P. 
AUm,  MirUt,  iraa  mmd  U/tKtria^,-  e^^xitUmet  af  tie  racmt  tlketU 
mrnd  aOmtt  mMman/en—Batnat  Aym  U  SL  1%—Sieleleiu  4 
Matiadem — Imfmwri» — Imferiar  mariiM  ttrHarg  itratM,  their  f» 
^Brrwt't  tftk.  BasdA  Oukstai.— Ai/irTjfaUJ  AnjKwa/ofHa- 
lioa — ImfrrviT  leriiaiy  itmta,  nriatirm  if,  eoiimrctwd  witk  v>lc«ine 
metioK  ;  Jfaentariena  PaLieimieB  at  S.  Julian  m  t^itofoaU,  aft 
t/,  m^itfaemt  to  iitiitf  atoUatat  mad  ta  Ha  arratie  bleak  pcriai. 
SuMMABT — Jraa  ^  Paatpeaa  fomatiat—Tkeatiot  ^  arifi* — 
Saaree  of  tedimeat — EMtaarg  ong\» — QtntevpeTaMtom  ivilA  cni^ 
Mf  atoUatea — Stlatiaat  ta  viderlifiaf  tertiary  iCro/d — Aaciaat 
depatit  ^  otatBif  orifiit — Eteration  and  raeetuira  dajmntum  tf 
tie  Pampea%  feraialio* — Xaaiher  and  itate  of  the  rrwaiw  i^ 
mammi/ert;  tMeir  ialUatiim,  food,  ertinctiim,  and  ranft—Cbn- 
eUuiaa — LeeaUtiet  fo  Paaipa*  at   mkieh  mammiferaat  rmoiiu 

The  Pafflpean  formation  is  highly  interesting  from  ila 
vast  extent,  ita  disputed  origin,  and  &om  the  nnmber 
of  extinct  gigantic  maramifers  embedded  in  it.  It  baa 
upon  the  whole  a  very  uniform  character:  consisting  of 
s  more  or  less  dull  reddish,  slightly  indurated,  argil- 
laceoos  earth  or  mud,  ol^n,  but  not  always,  including 
in  horizontal  lines  concretions  of  marl,  and  frequently 
passing  into  a  compact  marly  rock.  The  mad,  wher- 
ever I  exiimined  it,  even  close  to  the  concretions,  did 
not  contain  any  carbonate  of  lime.  The  concretions  are 
generally  nodnlar,  sometimes  rongh  externally,  some* 
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times  stalactironned ;  they  are  of  a  compact  stracture, 
bnt  often  penetrated  (as  well  as  the  mud)  by  haiivlike 
Berpentine  cavities,  and  occasionally  with  iiregalar 
fissures  in  their  centres,  lined  with  minute  ciyatals  of 
carbonate  of  lime ;  they  are  of  white,  brown,  or  pale 
pinkisli  tiotB,  often  marked  by  block  dendritic  man- 
ganese or  iron ;  they  are  either  darker  or  lighter  tinted 
than  the  snrrounding  mass;  they  contain  much  car- 
bonate of  limo,  but  exhale  a  strong  aluminious  odour, 
and  leave,  when  dissolved  in  acids,  a  large  but  varying 
refiidne,  of  which  the  greater  part  consists  of  sand. 
These  concretions  often  unite  into  irregular  strata ;  and 
over  very  lai^e  tracts  of  coantry,  the  entire  mass  consists 
of  a  hard,  but  generally  cavernous  marly  rock:  some 
of  the  Tarietiea  might  be  called  calcareous  tuffs. 

Dr.  Carpentor  has  kindly  examined  under  the  mi- 
croscope, sliced  and  poIisheJ  specimens  of  these  concre- 
tions, and  of  the  solid  marl-rock,  collected  in  various 
places  between  the  Colorado  and  St.  F6  Bajada.  In 
the  greater  number,  Dr.  Carpenter  finds  that  the  whole 
substance  presents  a  tolerably  uniform  amorphous  cha- 
racter, but  with  traces  of  incipient  crystalline  meta- 
morphosis ;  in  other  specimens  he  finds  microscopically 
minute  rounded  concretions  of  an  amorphous  substance 
(resembling  in  size  those  in  oolitic  rocks,  but  not  having 
a  concentric  structure),  united  by  a  cement  which  is 
often  crystalline.  In  some.  Dr.  Carpenter  can  perceive 
distinct  traces  of  shells,  corals,  Polythaiamia,  and  rarely 
of  spOQgoid  bodies.  For  the  sake  of  comparison,  I  sent 
Dr.  Carpenter  specimens  of  the  calcareous  rock,  formed 
chiefly  of  fragments  of  recent  sheila,  from  Coquimbo  in 
Chile :  in  one  of  these  specimens.  Dr.  Carpenter  finds, 
besides  the  larger  fragments,  microscopical  particles  of 
ahells,  and  a  varying  quantity  of  opaque  amorpbona 
matter;   in  another  specimen  from  the  same  bed,  he 
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finds  the  whole  composed  of  the  amorphona  matter, 
with  layers  showing  indicatioiis  of  sn  incipient  crystal- 
line metamorphosis :  hence  these  latter  specimens,  both 
in  external  appearance  and  in  microscopical  stmctare, 
closely  resemble  those  of  the  Pampas.  Di.  Carpenter 
informs  me  that  it  is  well  known  that  chemical  preci- 
pitation throws  down  carbonate  of  lime  in  the  opaqoe 
amorphons  state ;  and  he  is  indined  to  believe  that  the 
long-continued  attrition  of  a  calcareous  body  in  a  state 
of  crystalline  or  semi-cryatalline  aggregation  (as,  for 
instance,  in  the  ordinary  shells  of  MoUusca,  which, 
when  sliced,  are  transparent]  may  yield  the  same  result. 
From  the  intimate  relation  betweco  all  the  Coquimbo 
specimens,  I  can  hardly  doubt  that  the  amorphous 
carbonate  of  lime  in  them  has  resolted  from  the  attri- 
tion and  decay  of  the  larger  fragments  of  shell :  whether 
the  amorphous  matter  in  the  marly  rocks  of  the  Pampas 
has  likewise  thus  originated,  it  would  be  hazardous  to 
conjecture. 

For  convenience  sake,  I  will  call  the  marly  rock  by 
the  name  given  to  it  by  the  inhabitants,  namely,  Tosca- 
rock;  and  the  reddish  argillaceous  earth,  Pampean 
mad.  This  latter  substance,  I  may  mention,  has  been 
examined  for  me  by  Professor  Ehrenberg,  and  the 
teault  of  his  examination  will  be  given  under  the  proper 
localities. 

I  will  commence  my  descriptions  at  a  central  spot, 
namely,  at  Buenos  Ayres,  and  thence  proceed  first  sonth- 
ward  to  the  extreme  limit  of  the  deposit,  and  afterwards 
northward.  The  plain  on  which  Buenos  Ayres  stands 
is  from  thirty  to  forty  feet  in  height.  The  Pampean 
mud  is  here  of  a  rather  pale  colour,  and  includes  small 
nearly  white  nodules,  and  other  irregular  strata  of  as 
ODUsaally  arenaceous  variety  of  toaca-rock.  In  a  well  at 
the  depth  of  seventy  feet,  according  to  Ignatio  Nnnes, 
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mDch  toeca-rock  was  met  with,  and  at  SBTeral  points, 
at  100  feet  deep,  beds  of  sand  huve  been  fonad.  I  hare 
already  given  a  list  of  the  recent  marine  and  estnar; 
shells  found  in  many  parts  on  the  surface  near  BnenoE 
Ayres,  as  far  as  three  and  four  le^pies  from  the  Plata. 
Specimens  from  near  Ensenada,  given  me  by  Sir  W. 
Parish,  where  the  rock  is  quarried  just  beneath  the 
surface  of  the  plain,  consist  of  broken  bivalves,  cemented 
by  and  converted  into,  white  crystalline  carbonate  of 
lime.  I  have  already  alluded,  in  the  first  chapter,  to 
a  specimen  (also  given  me  by  Sir  W.  Parish)  fix)m  the 
A.  del  Tristan,  in  which  shells,  resembling  in  every 
respect  the  Azara  lalnata,  d'Orbig,,  as  far  as  their 
worn  condition  permits  of  comparison,  are  embedded  in 
R  reddish,  softish,  somewhat  arenaceous  marly  rock: 
after  careful  comparison,  with  the  aid  of  a  microscope 
and  acida,  1  can  perceive  no  difference  between  the 
basis  of  this  rock  and  the  specimens  collected  by  me 
in  many  parts  of  the  Pf>mpas.  I  have  also  stated,  on 
the  authority  of  Sir  W,  Parish,  that  northward  of 
Buenos  Ayrea,  on  the  highest  parts  of  the  plain,  about 
forty  feet  above  the  Plata,  and  two  or  three  miles  from 
it,  numerous  shells  of  the  Azara  lahiaia  (and  I  believe 
of  Venm  sinuosd)  occur  embedded  in  a  stratified 
earthy  moaa,  including  small  marly  concretions  and  said 
to  be  precisely  like  the  great  Pampean  deposit.  Hence 
we  may  conclude  that  the  mud  of  the  Pampas  continued 
to  be  deposited  to  within  the  period  of  this  existing 
estuary  shell.  Although  this  formation  is  of  each 
immense  extent,  I  know  of  no  other  instance  of  ths 
presence  of  shells  in  it. 

Btienos  Ayrea  to  the  Rio  Colorado, — yfiOi  the 
exception  of  a  few  metamorphic  ridges,  the  country 
between  these  two  points,  a  distance  of  400  geographical 
miles,  belongs  to  tlie  Pampean  formation,  and  in  the 
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soathem  part  ia  genprall;  formed  of  the  harder  aad 
more  calcareous  yarieties.  I  will  briefly  describe  my 
route :  aboat  twenty-five  miles  SSW.  of  the  capital, 
in  a  well  forty  yards  in  depth,  the  upper  part,  and,  as  I 
was  assured,  the  entire  thickness,  was  formed  of  dark 
red  Pampean  mud  without  concretions.  North  of  the 
B.  Salado,  there  are  many  lakes;  and  on  the  banks  of 
one  (near  the  Gnardia)  there  was  a  little  cliff  similarly 
composed,  bnt  including  many  nodnlar  and  stalactiform 
concretions :  I  fonnd  here  a  large  piece  of  tesselat^d 
armoar,  like  that  of  the  Qlyptodon,  and  many  fragments 
of  bones.  The  ctiSa  on  the  Salado  consist  of  pale- 
coloured  Pampean  mad,  including  and  passing  into 
great  masses  of  tosca-rock :  here  a  skeleton  of  the 
Megatherium  and  the  bones  of  other  extinct  quadrupeds 
(see  the  list  at  the  end  of  this  chapter)  were  found. 
Lai^  quantities  of  crystallized  gypsum  (of  which 
specimens  were  given  me)  occur  in  the  clifis  of  this 
river;  and  likewise  (as  I  was  assnred  by  Mr.  Lumb)  in 
the  Pampean  mud  on  the  R.  Chuelo,  seven  leagues 
from  Buenos  Ayres :  I  mention  this  because  M.  d'Or- 
b^ny  lays  some  stress  on  the  supposed  absence  of  this 
mineral  in  the  Pampean  formation. 

Southward  of  tiie  Salado  the  country  is  low  and 
swampy,  with  tosca-rock  appearing  at  long  intervals  at 
the  surface.  On  the  banks,  however,  of  the  Tapalguen 
(sixty  miles  south  of  the  Salado)  there  is  a  large  extent 
of  toeca-TOck,  some  highly  compact  and  even  semi- 
crystalline,  overlying  palo  Pampean  mud  with  the  usual 
concreUons.  Thirty  mites  further  south,  the  small 
qoartz-ridge  of  Tapalguen  is  &inged  on  its  northern 
and  Bonthem  flank,  by  little,  narrow,  flat-topped  hills 
of  tofica-rock,  which  stand  higher  than  the  surrounding 
plain.  Between  this  ridge  and  the  Sierra  of  Gnitru- 
gaeyn,  a  distance  of  sixl^  miles,  the  country  is  swampy, 
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with  the  tosca-rock  appearing  only  in  four  or  five  spots : 
this  sierra,  precisely  like  that  of  Tapalguen,  is  bordered 
by  horizontal,  often  clifi'-bounded,  little  hills  of  tosca- 
rock,  higher  than  the  surrounding  plain.  Here,  also, 
a  new  appearance  was  presented  in  some  extensive  and 
level  banks  of  alluvium  or  detritus  of  the  neighbouring 
metamorphic  rocks ;  but  I  neglected  to  observe  whether 
it  was  stratified  or  not.  Between  Guitru-gueyu  and 
the  Sierra  Ventana,  I  crossed  a  dry  plain  of  tosca-rock 
higher  than  the  country  hitherto  passed  over,  and  with 
small  pieces  of  denuded  table-land  of  the  same  forma- 
tion, standing  still  higher. 

The  marly  or  calcareous  beds  not  only  come  up 
nearly  horizontally  to  the  northern  and  southern  foot 
of  the  great  quartzose  mountains  of  the  Sierra  Ventana, 
but  interfold  between  the  parallel  ranges.  The  super- 
ficial beds  (for  I  nowhere  obtained  sections  more  than 
twenty  feet  deep)  retain,  even  close  to  the  mountains, 
their  usual  character :  the  uppermost  layer,  however^ 
in  one  place  included  pebbles  of  quartz,  and  rested  on 
a  mass  of  detritus  of  the  same  rock.  At  the  very  foot 
of  the  mountains,  there  were  some  few  piles  of  quartz 
and  tosca-rock  detritus,  including  land-shells ;  but  at 
the  distance  of  only  half  a  mile  from  these  loftiy,  jagged, 
and  battered  mountains,  I  could  not,  to  my  great  sur- 
prise, find  on  the  boundless  surface  of  the  calcareous 
plain  even  a  single  pebble.  Quartz-pebbles,  however, 
of  considerable  size  have  at  some  period  been  trans- 
ported to  a  distance  of  between  forty  and  fifty  miles  to 
the  shores  of  Bahia  Blanca.* 

The  highest  peak  of  the  S.  Ventana  is,  by  Captain 
FitzRoy's  measurement,  3,340  feet,  and  the  calcareous 
plain  at  its  foot  (from   observations  taken  by  some 

»  SchmidtmeyerO  Travels  in  Chile,' p.  160)  states  that  he  fini 
roticed  on  the  Pampas,  very  small  bits  of  red  granite,  when  fif^ 
miles  distant  from  the  southern  extremity  of  the  mountains  A 
OoxdoTa,  which  project  on  the  plain,  like  a  reef  into  the  sea. 
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Spanish  oflBcers*)  840  feet  above  the  sea-level.  On  the 
flanks  of  the  monntains,  at  a  height  of  800  or  400  feet 
above  the  plain,  there  were  a  few  small  patches  of  con- 
glomerate and  breccia,  firmly  cemented  by  fermginoos 
matter  to  the  abrupt  and  battered  face  of  the  quartz — 
traces  being  thus  exhibited  of  ancient  sea-action.  The 
high  plain  round  this  range  sinks  quite  insensibly  to 
the  eye  on  all  sides,  except  to  the  north,  where  its 
surface  is  broken  into  low  clifis.  Bound  the  Sierras 
Tapalgnen,  Guitru-gueyu,  and  between  the  latter 
and  tiie  Ventana  we  have  seen  (and  shall  hereafter 
see  round  some  hills  in  Banda  Oriental)^  that  the 
tosca-rock  forms  low,  flat-topped,  clifi*-bounded  hills, 
higher  than  the  surrounding  plains  of  similar  compo- 
sition. From  the  horizontal  stratification  and  from 
the  appearance  of  the  broken  clifis,  the  greater  height 
of  the  Pampean  formation  round  these  primary  hills 
ought  not  to  be  altogether  or  in  chief  part  attributed 
to  these  several  points  having  been  uplifted  more  ener- 
getically than  the  surrounding  country,  but  to  the 
argillaceo-calcareous  mud  having  collected  round  them, 
when  they  existed  as  islets  or  submarine  rocks,  at  a 
greater  height,  than  at  the  bottom  of  the  adjoining 
open  sea; — the  clifis  having  been  subsequently  worn 
during  the  elevation  of  the  whole  country  in  mass. 

Southward  of  the  Ventana,  the  plain  extends  farther 
than  the  eye  can  range ;  its  surface  is  not  very  level, 
having  slight  depressions  with  no  drainage  exits ;  it  is 
generally  covered  by  a  few  feet  in  thickness  of  sandy 
earth ;  and  in  some  places,  according  to  M.  Parchappe,' 
by  beds  of  clay  two  yards  thick.  On  the  banks  of  the 
Sauce,  four  leagues  SB.  of  the  Ventana,  there  is  an  im- 
perfect section  about  200  feet  in  height,  displaying  in 
ihe  upper  part  tosca>rock  and  in  the  lower  part  red 

»  « La  Rata,'  &c.  by  Sir  W.  Parish,  p.  146. 

•  M.  d'Orbignjr,  •  Voyage,  Part  G6olog.'  pp.  47, 48. 
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Pampean  mud.  At  the  settlement  of  Baliia  Blanca, 
the  uppermost  plain  is  composed  of  very  compact| 
stratified  tosca-rock,  containing  rounded  grains  of 
quartz  distinguishable  by  the  naked  eye:  the  lower 
plain,  on  which  the  Fortress  stands,  is  described  by 
M.  Parchappe*  as  composed  of  solid  tosca-rock ;  but  the 
sections  which  I  examined  appeared  more  like  a  re- 
deposited  mass  of  this  rock,  with  small  pebbles  and  frag- 
ments of  quartz.  I  shall  immediately  return  to  the 
important  sections  on  the  shores  of  Bahia  Blanca. 
Twenty  miles  southward  of  this  pleice,  there  is  a  re- 
markable ridge  extending  W.  by  N.  and  E.  by  S., 
formed  of  small,  separate,  flat-topped,  steep-sided  hills, 
rising  between  100  and  200  feet  above  the  Pampean 
plain  at  its  southern  base,  which  plain  is  a  little  lower 
than  that  to  the  north.  The  uppermost  stratum  in 
this  ridge  consists  of  pale,  highly  calcareous,  compact 
tosca-rock,  resting  (as  seen  in  one  place)  on  reddish 
Pampean  mud,  and  this  again  on  a  paler  kind  :  at  the 
foot  of  the  ridge,  there  is  a  well  in  reddish  clay  or 
mud.  I  have  seen  no  other  instance  of  a  chain  of  hills 
belonging  to  the  Pampean  formation ;  and  as  the 
strata  shows  no  signs  of  disturbance,  and  as  the  direc- 
tion of  the  ridge  is  the  same  with  that  common  to  all 
the  metamorphic  lines  in  this  whole  area,  I  suspect 
that  the  Pampean  sediment  has  in  this  instance  been 
accumulated  on  and  over  a  ridge  of  hard  rocks,  instead 
of.  as  in  the  case  of  the  above-mentioned  Sierras,  round 
their  submarine  flanks.  South  of  this  little  chain  of 
tosca-rock,  a  plain  of  Pampean  mud  declines  towards 
the  banks  of  the  Colorado  :  in  the  middle  a  well  has  been 
dug  in  red  Pampean  mud,  covered  by  two  feet  of  white 
Boftish,  highly  calcareous  tosca-rock,  over  which  lies  sand 
with  small  pebbles  three  feet  in  thickness — the  first 
appearance  of  that  vast  shingle  formation  described  in 
I  M.  d'Orbignj,  <  Voyage,  Part  G6olog.*  pp.  47,  48. 
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the  eighth  cliapter.  In  the  first  section  after  crossing 
the  Colorado,  an  oM  tertiary  fonnatioD,  namely,  the  Kii> 
Kegro  sandstone  (to  be  described  in  the  next  chapter),  is 
met  with :  but  from  the  accounts  given  me  by  the  Gan- 
chos,  I  believe  that  at  the  month  of  the  Colorado  the 
Pampean  fonnation  extends  a  little  further  south^vards. 
BaJiia  Blanco. — To  return  to  the  shores  of  tbia 
bay.  At  Monte  Hermoso  there  is  a  good  section, 
abont  100  feet  in  height,  of  fonr  distinct  strata,  appear- 
ing to  the  eye  horizontal,  but  thickening  a  little 
towards  the  NW.  The  uppermost  bed,  about  twenty 
feet  in  thickness,  consists  of  obliquely  lamiuated,  solt 
sandstone,  inclnding  many  pebbles  of  quartz,  and  fall- 
ing at  the  sarface  into  loose  sand.  The  second  bed,  only 
six  inches  thick,  is  a  hard,  dark-coloured  sandstone. 
The  third  bed  is  pale-colotired  Pampean  mud;  and 
the  fonrdi  is  of  the  same  nature,  but  darker  coloured, 
inclnding  in  its  lower  part  horizontal  layers  and  lines 
of  concretions  of  not  very  compact  pinkish  tosca-rock. 
The  bottom  of  the  sea,  I  may  remark,  to  a  distance  of 
several  miles  from  the  shore,  and  to  a  depth  of  between 
sixty  and  one  hundred  feet,  was  foand  hj  the  anchors 
to  be  composed  of  tosca-rock  and  reddish  Pampean 
mud.  Professor  Ehrenberg  has  examined  for  me  speci- 
mens of  the  two  lower  beds,  and  finds  in  them  three 
Folygastrica  and  six  Phytolitharia.'  Of  these,  only 
one  (Spongolitkis  FusOa  ?)  is  a  marine  form ;  five  of 
them   are  identical  with   microscopical   structures,   of 

'  The  foUowJDg  list  la  given  in  the  '  MonutsbericbteD  der  konig. 
Akad.  ta  Berlio,'  April  18J5  ;— 

POLTOASTSICA. 

Fiagfllan'a  rbabdoeoma.      t  FiDDulAiia  I 

GallionellB  distana.  | 

Phttolithabia, 
lithodODtinm  Bursa.  I  Lithost?!  Idlam  nid«. 

H  furc&tDm.  „  Boira. 

LUhoBtjUdiom  ezeaunb       |  Bpongolilhia  Fustii  f 
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brackish-water  origin,  hereafter  to  be  mentioned,  from 
a  central  point  in  the  Pampean  formation.  In  these 
two  beds,  especially  in  the  lower  one,  bones  of  extinct 
mammifers,  some  embedded  in  their  proper  relative 
positions  and  others  single,  are  very  nmnerons  in  a  small 
extent  of  the  clifis.  These  remains  consist  of,  first, 
the  head  of  Ctenomys  antiquus^  allied  to  the  living 
0.  Brasiliensis ;  secondly,  a  fragment  of  the  remains 
of  a  rodent ;  thirdly,  molar  teeth  and  other  bones  of  a 
large  rodent,  closely  allied  to,  bnt  distinct  from,  the 
existing  species  of  Hydrochoerns,  and  therefore  probably 
an  inhabitant  of  fresh  water ;  fourth  and  fifthly,  portions 
of  vertebrae,  limbs,  ribs,  and  other  bones  of  two  rodents; 
sixthly,  bones  of  the  extremities  of  some  great  mega- 
theroid  quadruped.*  The  number  of  the  remains  of 
rodents  gives  to  this  collection  a  peculiar  character, 
compared  with  those  found  in  any  other  locality.  All 
these  bones  are  compact  and  heavy ;  many  of  them  are 
stained  red,  with  their  surfaces  polished;  some  of  the 
smaller  ones  are  as  black  as  jet. 

Monte  Herraoso  is  between  fifty  and  sixty  miles 
distant  in  a  SE.  line  from  the  Ventana,  with  the  inter- 
mediate country  gently  rising  towards  it,  and  all  con- 
sisting of  the  Pampean  formation.  What  relation, 
then,  do  these  beds,  at  the  level  of  the  sea  and  under 
it,  bear  to  those  on  the  flanks  of  the  Ventana,  at  the 
height  of  840  feet,  and  on  the  flanks  of  the  other 
neighbouring  sierras,  which,  from  the  reasons  already 
assigned,  do  not  appear  to  owe  their  greater  height  to 
unequal  elevation  ?  When  the  tosca-rock  was  accumu- 
lating round  the  Ventana,  and  when,  with  the  exception 
of  a  few  small  rugged  primary  islands,  the  whole  wide 

'  Se6  *  Fossil  Mammalia,*  (p.  109),  by  Professor  Owen,  in  the 
*  Zoology  of  tho  Voyage  of  the  Beagle ; '  and  Catalogae  (v»  86)  of 
'  FossU  Remains  in  Miueam  of  Boyal  College  of  Soigeons.' 
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Burronndrng  pluns  mnst  hare  been  ander  water,  were 
tiie  strata  at  Monte  Hermoso  depositing  at  the  bottom, 
of  a  great  open  sea,  between  800  and  1,000  feet  in 
depth  ?  I  mnch  donbt  this ;  for  if  so,  the  almost  per- 
fect carcassea  of  the  seyeral  small  rodents,  the  remains 
of  which  are  so  very  namerona  in  so  limited  a  space, 
mast  have  been  drilled  to  this  spot  from  the  distance 
of  many  hnndred  miles.  It  appears  to  me  far  more 
probable,  that  daring  the  Pampean  period  this  whole. 
area  had  commenced  slowly  rising  (and  in  the  cUfis,  at 
several  different  heights,  we  have  proofs  of  the  land 
having  been  exposed  to  sea-action  at  several  levels),  and 
that  tracts  of  land  had  thns  been  formed  of  Pampean 
sediment  round  the  Ventana  and  the  other  primary 
ranges,  on  which  the  several  rodents  and  other  qoadrn* 
peds  lived,  and  that  a  stream  (in  which  perhaps  the 
extinct  aqaatic  Hydrochoeras  lived)  driiled  their  bodies 
into  the  adjoining  sea,  into  which  the  Pampean  mad. 
continaed  to  be  poured  from  the  north.  Aa  the  land, 
continued  to  rise,  it  appears  that  this  sonrca  of  sediment. 
was  cat  off;  and  in  its  place  sand  and  pebbles  wer& 
borne  down  by  stronger  carrente,  and  conformably  de- 
posited over  the  Pampean  strata. 

Panta  Alta  is  situated  about  thirty  miles  higher  up 
on  the  northern  side  of  this  same  bay :  it  consists  of 
a  small  plain,  between  twenty  and  thirty  feet  in  height^ 
cnt  off  on  the  shore  by  a  line  of  low  cliffs  abont  a  mile 
in  length,  represented  in  the  diagram  with  its  vertical 
scale  necessarily  exaggerat«]d.  The  lower  bed  (A)  i& 
more  exten^ve  than  the  upper  ones ;  it  consists  of 
stratified  gravel  or  conglomerate,  cemented  by  calcareo- 
arenaceons  matter,  and  is  divided  by  curvilinear  layere 
of  pinkish  marl,  of  which  some  are  precisely  like  tosca- 
rock,  and  some  more  sandy.  The  beds  are  curvilinear^ 
owing  to  the  action  of  correnta,  and  dip  in  different 
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directions;  they  include  an  extraordinary  number  of 
bones  of  gigantic  mamiuifers  and  many  shells.  The 
pebbles  are  of  considerable  size,  and  are  of  hard  sand- 
stone, and  of  quartz,  like  that  of  the  Ventona :  there 
are  also  a  few  well-rounded  masses  of  tosca-rock. 

No.  29. 

Seotion  of  Beds  wiUi  Beoent  Shells  and  Extinot  ¥aininfftf%  at  Pnnte  Alte  In 


The  second  bed  (B)  is  about  fifteen  feet  in  thickness, 
but  towards  both  extremities  of  the  cliff  (not  included 
in  the  diagram)  it  either  thins  out  and  dies  away,  or 
passes  insensibly  into  an  cverlying  bed  of  gravel.  It 
consists  of  red,  tough  clayey  mud,  with  minute  linear 
cavities;  it  is  marked  with  faint  horizontal  shades  of 
colour ;  it  includes  a  few  pebbles,  and  rarely  a  minute 
particle  of  shell :  in  one  spot,  the  dermal  armour  and  a 
few  bones  of  a  Dasypoid  quadruped  were  embedded  in 
it :  it  fills  up  furrows  in  the  underlying  gravel.  With 
the  exception  of  the  few  pebbles  and  particles  of  shells, 
this  bed  resembles  the  true  Pampean  mud ;  but  it  still 
more  closely  resembles  the  clayey  flats  (mentioned  in 
the  eighth  chapter)  separating  the  successively  rising 
parallel  ranges  of  sand-dunes. 

The  bed  (C)  is  of  stratified  gravel,  like  the  lowest 
one ;  it  fills  up  furrows  in  the  underlyiog  red  mud,  and 
is  sometimes  interstratified  with  it,  and  sometimes  in- 
sensibly passes  into  it ;  as  the  red  mud  thins  out,  this 
upper  gravel  thickens.  Shells  are  more  numerous  in 
it  than  in  the  lower  gravel;  but  the  bones,  though 
some  are  still  present,  are  less  numerous.  In  one  l>art, 
however,  where  this  gravel  and  the  red  mud  passed  into 
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each  other,  I  foand  several  boaes  and  a  tolerably  per- 
fect head  of  the  Megatberiam.  Some  of  the  large 
Volntas,  thongh  embedded  in  the  gravel-bed  (C),  were 
filled  with  the  red  mad,  including  great  nombers  of  the 
little  recent  Palvdestrina  avslralU.  These  three  lower 
beds  are  covered  by  an  noconformable  mantle  (D)  of 
stratified  sandy  earth,  including  many  pebbles  of  quartz, 
pnmice  and  phonolite,  land  and  sea-shella. 

M,  d'Orbigny  has  been  so  obliging  as  to  name  for 
me  the  twenty  species  of  MoUusca  embedded  in  the  two 
,   gravel  beds ;  they  consist  of — 


I.  Volatella   angalata,  d'Orblg. 

'  Voyage"  MoUnsq.  and  FaL 
8.  Volata  Braailiana,  Sol. 
8.  OlicancUIeria  Brasiliensis, 

[rl'Olbig. 

t.         „  aaricDlana,  do. 

B.  Olivina  paelchana,  do. 

S.  Baocioaaopacodilidliiin.do. 

7.  „         globalosQm,  do. 

8.  ColombellaBertalarianim.do. 

9.  Trochna  Patagonicas,  and  vai. 

of  ditto,  d'Oibig. 

10.  Paladestrina  auatnlia, 

(dOrbig. 

II.  FuHnrella  PaUgonica,  do. 


i.  Crepidnla  ninripflta,  Lnm. 

I.  Tecus  parpnrata,    do, 

I.         ,.       roscrata,  Phillipji 

>.  Mjtilos   Da^williaIlu<^ 

[ci'Orbig. 

i.  Nncula  Eemiamata,      do. 

r.  Cardiia  Palagouico,     do. 

i.  Corbnla         „        (t)  do. 

3.  Pecten  lethnelobua,     do. 

).  Ostrea  pnelcbaoo,         do. 

I.  A  living  species  of  Balanqg. 

I.  and  23.  Aii  AatnMt  and  en- 
crosting  Flnstra,  apparentlj 
identical  with  ipeciea  now 
living  in  tbo  Da;. 

All  these  shells  now  live  on  this  coast,  and  most  of  them 
in  this  Bame  bay.  I  was  also  strnck  with  the  fact,  that 
the  proportional  numbers  of  the  different  kinds  appeared 
to  be  the  same  with  those  now  cast  np  on  the  beach  : 
in  both  cases  specimens  of  Voluta,  Crepidnla,  Venus, 
and  Trochos  are  the  most  abundant.  Four  or  five  of 
the  species  are  the  same  with  the  opraiaed  sheila  on 
the  Pampas  near  Bnenos  Ayres.  All  the  specimens 
have  a  very  ancient  and  bleached  appearance,'  and  do 
not  emit,  when  heated,  an  animal  odour;  some  of  them 

■  A  BallDoB,  meQtioQed  in  the  Ititrod action  to  tbe  '  Fossil  Mnm- 
tnnlla  in  the  Zoology  of  the  Towage  of  the  Beagle,'  ba*  so  much 
fresher  an  appeaiance,  Ihan  Ihe  mariDS  specICB,  tbal  I  toipect  it 
Boft  have  f^en  amoDgst  the  other*,  and  been  collected  by  mistalca. 
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are  changed  throughout  into  a  white,  soft,  fibrous  sub- 
stance;  others  have  the  space  between  the  external 
walls,  either  hollow,  or  filled  up  with  crystalline  car- 
bonate of  lime. 

The  remains  of  the  extinct  mammiferous  animals, 
firom  the  two  gravel  beds  have  been  described  by  Pro- 
fessor Owen  in  the '  Zoology  of  the  Voyage  of  the  Beagle : ' 
they  consist  of  1st,  one  nearly  perfect  head  and  three 
iragments  of  heads  of  the  Megatherium  Cuvierii ;  2nd, 
a  lower  jaw  of  Megalonyx  Jeffersonii ;  Srd,  lower  jaw 
of  Mylodon  Darwinii;  4th,  fragments  of  a  head  of 
some  gigantic  Edental  quadruped ;  5th,  an  almost  entire 
skeleton  of  the  great  Scelidotherium  hptocBphalum^ 
with  most  of  the  bones,  including  the  head,  vertebne, 
ribs,  some  of  the  extremities  to  the  claw-bone,  and  even, 
as  remarked  by  Professor  Owen,  the  knee-cap,  all  nearly 
in  their  proper  relative  positions;  6th,  fragments  of 
the  jaw  and  a  separate  tootii  of  a  Toxodon,  belonging 
either  to  T.  Plaie^isis^  or  to  a  second  species  lately  dis- 
covered near  Buenos  Ayres ;  7th,  a  tooth  of  Equus 
curvidens ;  8th,  tooth  of  a  Pachyderm,  closely  allied  to 
Palflpotherium,  of  which  parts  of  the  head  have  been 
lately  sent  from  Buenos  Ayres  to  the  British  Museum  ; 
in  all  probability  this  pachyderm  is  identical  with  the 
Macrauchenia  Patachonica  from  Port  S.  Julian,  here- 
after to  be  referred  to.  Lastly,  and  9thly,  in  a  cliff  of 
the  red  clayey  bed  (B),  there  was  a  double  piece,  about 
three  feet  long  and  two  wide,  of  the  bony  armour  of  a 
large  Dasypoid  quadruped,  with  the  two  sides  pressed 
nearly  close  together :  as  the  cliff  is  now  rapidly  wash- 
ing away,  this  fossil  probably  was  lately  much  more 
perfect ;  from  between  its  doubled-up  sides,  I  extracted 
the  middle  and  ungueal  phalanges,  united  together,  of 
one  of  the  feet,  and  likewise  a  separate  phalang :  hence 
one  or  more  of  the  limbs  must  have  been  attached  to 
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the  dermal  case,  when  it  was  embedded.  Besides  these 
fiereral  remoiuB  in  a  distinguishable  condition,  there 
were  very  man;  mngle  bones :  the  greater  nnmber  were 
embedded  in  a  space  200  yards  sqaare.  The  prepon- 
derance or  the  Edental  qnadmpeds  is  remarkable ;  as 
18,  in  contrast  with  the  beds  of  Monte  Hermoso,  the 
absence  of  Rodents.  Most  of  the  bones  are  now  in  a 
sof):  and  friable  oonditioa,  and,  like  the  shells,  do  not 
emit  when  bnmt  an  animal  odour.  The  decayed  stnte 
of  the  bones  may  be  partly  owing  to  their  late  exposure 
to  the  air  and  tidal  waves.  Barnacles,  Serpulas  and 
corallinea  are  attached  to  many  of  the  bones,  bnt  I 
neglect^  to  obserre '  whether  these  might  not  have 
grown  on  them  since  being  exposed  to  the  present  tidal 
action ;  bnt  I  believe  that  some  of  the  barnacles  must 
hare  grown  on  the  Scelidoth<*rium,  soon  after  being 
deposited,  and  before  being  wholly  covered  np  by  the 
gravel.  Besides  the  remains  in  the  condition  here 
described,  I  found  one  single  fragment  of  bone  very 
much  rolled,  and  as  black  as  jet,  so  as  perfectly  to  re- 
Bemble  some  of  the  remains  from  Monte  Hermoso. 

Very  many  of  the  bones  had  been  broken,  abraded, 
and  rolled,  before  being  embedded.  Others,  even  some 
of  those  inclnded  in  the  coarsest  parts  of  the  now  hard 
conglomerate,  still  retain  all  their  minutest  promi- 
nences perfectly  preserved ;  so  that  I  conclude  that 
they  probably  were  protected  by  skin,  flesh,  or  ligaments, 
whilst  being  covered  np.  In  the  case  of  the  Scclido- 
therinm,  it  is  quite  certain  that  the  whole  skeleton 
was  held  together  by  its  ligoments,  when  deposited  in 
the  gravel  in  which  I  found  it.  Some  cervicaJ  vertebrre 
Bnd  a  hnmems  of  corresponding  size  lay  bo  close  to- 

'  After  having  packed  np  my  specimen!)  &t  RaliU  DL-uicn,  thU 
point  oconrred  to  me,  and  1  noted  it ;  bat  forgot  it  on  mj  return, 
until  the  reinaiDS  had  been  cleaned  and  oiled :  my  attention  wai 
aftCTwanl*  recalled  t«  the  Enbject  by  »ome  remarks  by  ll.d'Oibigtiy, 
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gether,  as  did  some  ribs  and  the  bones  of  a  leg,  that  I 
thought  that  they  must  originally  have  belonged  to  two 
skeletons,  and  not  have  been  washed  in  single ;  but  as 
remains  were  here  very  numerous,  I  will  not  lay  much 
stress  on  these  two  cases.  We  have  just  seen  that  the 
armour  of  the  Dasypoid  quadmped  was  certainly  em- 
bedded together  with  some  of  the  bones  of  the  feet. 

Professor  Ehrenberg  *  has  examined  for  me  speci- 
mens of  the  finer  matter  from  in  contact  with  these 
mammiferous  remains :  he  finds  in  them  two  Polygas- 
trica,  decidedly  marine  forms ;  and  six  Phytolitharia, 
of  which  one  is  probably  marine,  and  the  others  either 
of  fresh-water  or  terrestrial  origin.  Only  one  of  these 
eight  microscopical  bodies  is  common  to  the  nine  from 
Monte  Hermoso  :  but  five  of  them  are  in  common  with 
those  from  the  Pampean  mud  on  the  banks  of  the 
Parana.  The  presence  of  any  fresh-water  Infusoria, 
considering  the  aridity  of  the  surrounding  country,  is 
here  remarkable :  the  most  probable  explanation  appears 
to  be,  that  these  microscopical  organisms  were  washed 
out  of  the  adjoining  great  Pampean  formation  during 
its  denudation,  and  afterwards  redeposited. 

We  will  now  see  what  conclusions  may  be  drawn 
from  the  facts  above  detailed.  It  is  certain  that  the 
gravel-beds  and  interraediato  red  mud  were  deposited 
within  the  period,  when  existing  species  of  Mollusca 
held  to  each  other  nearly  the  same  relative  proportions 

'  *  Monatsberichten  der  konig.  Akad.  zu  Berlin/ April,  1846,    The 
list  consists  of, — 

POLTOASTBIOA. 

Gallionella  snlcata.  |  Stanropteraaspera?  fragm. 

Phytolithabia. 

Lithasteriscnstuberculatns.  I  Spongolithis  aoioolaiis 

Lithostylidium  Clepsammidiom. 

„  qoadratom. 

M  mde. 

M  nnidentatom. 
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SB  they  do  on  the  present  coast.  Tliese  beds,  from  the 
oomber  of  littoral  species,  mast  have  been  accmnalated 
in  ehallow  trater ;  bnt  nob,  judging  from  the  stratifica- 
tion of  tbd  gravel  and  the  layers  of  marl,  on  a  beach. 
From  the  manner  in  which  the  red  clay  fills  np  fdrrowa 
in  the  underlying  gravel,  and  Is  in  some  parts  itself 
fiirrowed  by  the  overlying  gravel,  whilst  in  other  parts 
it  either  insensibly  posses  into,  or  alternates  with,  this 
npper  gravel,  w©  may  infer  several  local  changes  in  th« 
cnrrents,  perhaps  caused  by  slight  changes,  np  or  down, 
in  the  level  of  the  land.  By  the  elevation  of  these 
beds,  to  which  period  the  alluvial  mantle  with  pnmice- 
pebbles,  land  and  sea-shells  belongs,  the  plain  of  Ponta 
Alta,  from  twenty  to  thirty  feet  in  height,  was  formed. 
In  this  neighbonrhood  there  are  other  and  higher  sei^ 
formed  plains  and  lines  of  cliffs  in  the  Fampean  forma- 
tion worn  by  the  denuding  action  of  the  waves  at 
difiereut  levels.  Hence  we  can  easily  understand  the 
presence  of  rounded  masses  of  tosca-rock  in  this  lowest 
plain;  and  likewise,  as  the  cliffs  at  Monte  Hermoso 
with  their  mammiferous  remains  stand  at  a  higher  level, 
the  presence  of  the  one  much-rolled  fragment  of  bone 
which  was  as  black  as  jet :  possibly  some  few  of  the 
other  much-rolled  bones  may  have  been  similarly  de- 
rived, though  I  saw  only  the  one  fii'agment,  in  the  same 
condition  with  those  from  Monte  Hermoso.  M.  d'Or- 
bigny  has  suggested  >  that  all  these  mammiferous 
remains  may  have  been  washed  out  of  the  Pampean 
formation,  and  afterwards  redeposited  together  with 
the  recent  shells.  Undonbtedty  it  is  a  marvellona  fact 
that  these  numerous  gigantic  quadrupeds,  belonging, 
with  the  exception  of  the  Eqaua  curvidsTis,  to  seven 
extinot  genera,  and  one,  namely,  the  Tozodon,  not 
filing  into  any  existing  family,  should  have  co-existed 
>  '  Tojage,  Part.  Qfolag.'  p.  49. 
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with  MoUusca,  an  of  which  are  stiU  living  species;  but 
analogous  facts  have  been  observed  in  N.  America  and 
in  Europe.  In  the  first  place,  it  should  not  be  over- 
looked, that  most  of  the  co-embedded  shells  have  a 
more  ancient  and  altered  appearance  than  the  bones. 
In  the  second  place,  is  it  probable  that  numerous  bones 
not  hardened  by  silex  or  any  other  mineral,  could  have 
retained  their  delicate  prominences  and  surfaces  perfect 
if  they  had  been  washed  out  of  one  deposit,  and  re- 
embedded  in  another ; — this  later  deposit  being  formed 
of  large,  hard  pebbles,  arranged  by  the  action  of  currents 
or  breakers  in  shallow  water  into  variously  curved  and 
inclined  layers  ?  The  bones  which  are  now  in  so  perfect 
a  state  of  preservation,  must,  I  conceive,  have  been 
fresh  and  sound  when  embedded,  and  probably  were 
protected  by  skin,  flesh,  or  ligaments.  The  skeleton  of 
the  Scelidotherium  indisputably  was  deposited  entire : 
shall  we  say  that  when  held  together  by  its  matrix  it 
was  washed  out  of  an  old  gravel -bed  (totally  unlike  in 
character  to  the  Pampean  formation),  and  re-embedded 
in  another  gravel-bed,  composed  (I  speak  after  careful 
comparison)  of  exactly  the  same  kind  of  pebbles,  in 
the  same  kind  of  cement  ?  I  will  lay  no  stress  on  the 
two  cases  of  several  ribs  and  bones  of  the  extremities 
having  apparently  been  embedded  in  their  proper 
relative  position :  but  will  anyone  be  so  bold  as  to  affirm 
that  it  is  possible,  that  a  piece  of  the  thin  tesselated 
armour  of  a  Dasypoid  quadruped,  at  least  three  feet 
long  and  two  in  width,  and  now  so  tender  that  I  was 
unable  with  the  utmost  care  to  extract  a  fragment  more 
than  two  or  three  inches  square,  could  have  been  washed 
out  of  one  bed,  and  re-embedded  in  another,  together 
with  some  of  the  small  bones  of  the  feet,  without  having 
been  dashed  into  atoms  ?    We  must  then  wholly  reject 
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M.  d'Orbigoy's  supposition,  and  admit  an  certain,  that 
the  ScelidoUieriam  and  the  large  Da^p3id  qnadmped, 
and  as  highly  probable,  that  the  Tozodoo,  Megatherinm, 
&c.,  some  of  the  bones  of  which  are  perfectly  preserved, 
wore  embedded  for  the  first  time,  and  in  a  fresh  condi- 
tion, in  the  strata  in  which  they  were  fonnd  entombed. 
These  gigantic  quadmpeds,  therefore,  though  belonging 
to  extinct  genera  and  families,  co-existed  with  the 
twenty  above-enumerated  MoUnsca,  the  barnacle  and 
two  corals,  still  liring  on  this  coast.  From  the  rolled 
fragment  of  black  bone,  and  from  the  plain  of  Panta 
Alta  being  lower  than  that  of  Monte  Hermoso,  I  con- 
cinde  that  the  coarse  snb-Iittoral  deposits  of  Ponta  Alta, 
are  of  subsequent  origin  to  the  Pampean  mud  of  Monte 
Hermoso ;  and  the  beds  at  this  latter  place,  as  we  have 
Been,  are  probably  of  subsequent  origin  to  the  high 
toaca-plain  round  the  Sierra  Ventana :  we  shall,  how- 
ever, return,  at  the  end  of  this  chapter,  to  the  considerfr- 
tios  of  these  several  stages  in  the  great  Pampean 
fbrmatitm. 

Buenos  Ayrea  to  St.  F6  Bajada  in  Fntre  Bios. — 
For  some  distance  northward  of  Buenos  Ayres,  the 
escarpment  of  the  Pampean  formation  does  not  approach 
very  near  to  the  Plata,  and  it  is  concealed  by  vegeta- 
tion ;  but  in  sections  on  the  banks  of  the  Kios  Luxan, 
Areco,  and  Arrecifee,  I  observed  both  pate  and  dark 
reddish  Pampean  mnd,  with  small,  whitish  concretions 
of  tosca ;  at  all  these  places  mammiferous  remains  have 
been  fonnd.  In  the  cliffs  on  the  Parana,  at  San  Nicolas, 
the  Pampean  mud  contains  but  little  tosca;  here  M. 
d'Orbigny  found  the  remains  of  two  rodents  (Ci&nom\j» 
horuai&nea  and  Eerodon  aniiquus)  and  the  jaw  of  a 
Cams :  when  on  the  river  I  could  clearly  distinguish  in 
this  fine  line  of  clifEs,  'horizontal  lines   of  variation 
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both  in  tint  and  compactness.'*  The  plain  northward  of 
this  point  is  very  level,  but  with  some  depressions  and 
lakes ;  I  estimated  its  height  at  from  forty  to  sixty  feet 
above  the  Parana.  At  the  A.  Medio  the  bright  red 
Pampean  mud  contains  scarcely  any  tosca-rock ;  whilst 
at  a  short  distance  the  stream  of  the  Pabon  forms  a 
cascade,  about  twenty  feet  in  height,  over  a  cavernous 
mass  of  two  varieties  of  tosca-rock ;  of  which  one  is 
very  compact  and  semi-crystalline,  with  seams  of  crys- 
tallised carbonate  of  lime:  similar  compact  varieties 
are  met  with  on  the  Salidillo  and  Seco.  The  absolute 
identity  (I  speak  after  a  comparison  of  my  specimens) 
between  some  of  these  varieties,  and  those  from  Tapal- 
guen,  and  from  the  ridge  south  of  Bahia-  Blanca,  a  dis- 
tance of  400  miles  of  latitude,  is  very  striking. 

At  Bosario  there  is  but  little  tosca-rock  :  near  this 
place  I  first  noticed  at  the  edge  of  the  river  traces  of 
au  underlying  formation,  which,  twenty-five  miles 
higher  up  in  the  estancia  of  Gorodona,  consists  of  a 
pale  yellowish  clay,  abounding  with  concretionary 
cylinders  of  a  ferruginous  sandstone.  This  bed,  which 
is  probably  the  equivalent  of  the  older  tertiary  marine 
strata,  immediately  to  be  described  in  Entre  Rios,  only 
just  rises  above  the  level  of  the  Parana  when  low.  The 
rest  of  the  clifi"  at  Gorodona,  is  formed  of  red  Pampean 
mud,  with,  in  the  lower  part,  many  concretions  of 
tosca,  some  stalactiformed,  and  with  only  a  few  in  the 
upper  part :  at  the  height  of  six  feet  above  the  river, 
two  gigautic  skeletons  of  the  Mastodon  Andium  were 
here  embedded ;  their  bones  were  scattered  a  few  feet 
apart,  but  many  of  them  still  held  their  proper  relative 
positions :  they  were  much  decayed  and  as  soft  as  cheese, 

*  I  quote  these  words  from  my  note-book,  as  written  down  on 
the  spot,  on  account  of  the  general  absence  of  stratification  in  the 
Pampean  formation  having  been  insisted  on  by  M.  d'Orbigny  as  a 
proof  of  the  diluvial  origin  of  this  great  deposit. 
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BO  that  even  one  of  the  great  molar  teeth  fell  into 
pieces  in  my  hand.  We  here  see  that  the  Pampean 
deposit  contains  mammiferous  remains  close  to  its  base. 
On  the  banks  of  the  Carcarana,  a  few  miles  distant,  the 
lowest  bed  visible  was  pale  Pampean  mud,  with  masses 
of  tosca-rock,  in  one  of  which  I  found  a  much  decayed 
to«3th  of  the  Mastodon:  above  this  bed,  there  was  a 
thin  layer  almost  composed  of  small  concretions  of 
white  tosca,  out  of  which  I  extracted  a  well  preserved, 
but  slightly  broken  tooth  of  Toxodxm  Platensis :  above 
this  there  was  an  unusual  bed  of  very  soft  impure  sand- 
stone. In  this  neighbourhood  I  noticed  many  single 
embedded  bones,  and  I  heard  of  others  having  been 
found  in  so  perfect  a  state  that  they  were  long  used  as 
gate-posts :  the  Jesuit  Falkner  found  here  the  dermal 
armour  of  some  gigantic  Edental  quadruped. 

In  some  of  the  red  mud  scraped  from  a  tooth  of 
one  of  the  mastodons  at  Gorodona,  Professor  Ehrenberg 
finds  seven  Polygastrica  and  thirteen  Phytolitharia,*  all 
of  them,  I  believe,  with  two  exceptions,  already  known 
species.  Of  these  twenty,  the  preponderating  number 
are  of  firesh-water  origin ;  only  two  species  of  Coscino- 
discus  and  a  Spongolithis  show  the  direct  influence  of 


'  '  Monatsberichten  der  konig.  Akad.  za  Berlin,*  April,  1845.    The 
list  consists  of : — 

Polygastrica. 


Campylodiscns  clypeus. 
CrOBcinodiscos  snbtilis. 

aL  sp. 

Eonotia. 


Gallionella  grannlata. 
Himantidinm  gi*acile« 
Pinnalaria  borealis. 


Phytolithabia. 


Litbasteriscns  tnbercalatus. 
Lithodontium  bnrsa. 

fnrcatnm. 
rostratam. 
lithostylidinm  Amphiodon. 
n  Clep. 

fammidiiini* 


ft 


Lithostylidinm  Hamns. 

„        polyedrum, 

„        qnadratom. 

19        rude. 

„        Serra. 

„        nnidcn- 
tatnm. 
Spongolithis  Fnsiia. 
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the  sea;  therefore  Professor  Ehrenberg  arrives  at  the 
important  conclusion  that  the  deposit  must  have  been 
of  brackish-water  origin.  Of  the  thirteen  Phy  tolitharia, 
nine  are  met  with  in  the  two  deposits  in  Bahia  Blanca, 
where  there  is  evidence  from  two  other  species  of 
Polygastrica  that  the  beds  were  accumulated  in  brackish 
water.  The  traces  of  corals,  sponges,  and  Poly  thalamia, 
found  by  Dr.  Carpenter  in  the  tosca-rock  (of  which  I 
must  observe  the .  greater  number  of  specimens  were 
from  the  upper  beds  in  the  southern  parts  of  the 
formation),  apparently  show  a  more  purely  marine 
origin. 

At  Si.  F6  Bajada^  in  Entre  Rios,  the  cliffs,  esti- 
mated at  between  sixty  and  seventy  feet  in  height, 
expose  an  interesting  section :  the  lower  half  consists 
of  tertiary  strata  with  marine  shells,  and  the  upper  half 
of  the  Pampean  formation.  The  lowest  bed  is  an 
obliquely  laminated,  blackish,  indurated  mud,  with 
distinct  traces  of  vegetable  remains.^  Above  this  there 
is  a  thick  bed  of  yellowish  sandy  clay,  with  mudh  crys- 
tallised gypsum  and  many  shells  of  08trea9,  Pectens, 
and  Arc8B :  above  this  there  generally  comes  an  arena- 
ceous crystalline  limestone,  but  there  is  sometimes 
interposed  a  bed,  about  twelve  feet  thick,  of  dark  green, 
soapy  clay,  weathering  into  small  angular  fragments. 
The  limestone,  where  purest,  is  white,  highly  crystalline, 
and  full  of  cavities :  it  includes  small  pebbles  of  quartz, 
broken  shells,  teeth  of  sharks,  and  sometimes,  as  I  was 
informed,  large  bones :  it  often  contains  so  much  sand 
as  to  pass   into  a  calcareous  sandstone,  and  in  such 

'  M.  d'Orbigpy  has  given  ('Voyage,  Part.  G6olog.'  p.  37)  a 
detailed  descripiion  of  this  section,  but  as  he  d  es  not  mention  this 
lowest  be<i,  it  may  have  been  concealed  when  he  was  there  by  the 
river.  There  is  a  considerable  discrepancy  between  his  description 
and  mine,  which  I  can  only  account  for  by  the  beds  themselvei 
varying  considerably  in  short  distances. 
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parts  the  great  Oiirea  Paia^jnica^  diiefly  abounds. 
In  the  npper  part,  the  limestone  ^temates  with  layers 
of  fine  white  sand.  The  shells  included  in  these  beds 
have  been  named  for  me  by  M.  dX)rbigny ;  they  consist 
of- 


5w  TeDQS     llnnsterii,     dX)rbig. 

« VoT«gte,'  PU 
6.  Arcm  Bonplmndimnm,  da 
7   Caidinm  Pbitensei,  do. 
8.  Telliom,  piobabiT  dot.  spec^ 

bat  loo  impeiifect  for  de* 


1.  Ostrca   nitagonicm,   d*()rbig. 

•  Vqj^fie,'  Part,  PaL 

2.  M  AltAieni,  do. 
S.  Pec^en  Puanensia.  do.  (and 

PL  TV.  of  this  wort:,  fig.  310). 

4.    f.    Darwinian  PS,  do.  and  PI 

lY.  of  this  work,  figs.  2S,  29. 

These  species  are  all  extinct:  the  six  first  were 
found  by  M.  d^Orbigny  and  myself  in  the  formations  of 
the  Rio  Negro,  S.  Josef,  and  other  parts  of  Patagonia  ; 
and  therefore,  as  first  observed  by  M.  d'Orbigny,  these 
beds  certainly  belong  to  the  great  P^tagonian  forma- 
tion, which  will  be  described  in  the  ensuing  chapter, 
and  which  we  shall  see  must  be  considered  as  a  very 
ancient  tertiary  one.  North  of  the  Bajada,  M.  d'Orbigny 
found,  in  beds  which  he  considers  as  lying  beneath  the 
strata  here  described,  remains  of  a  Toxodon,  which  he 
has  named  as  a  distinct  species  from  the  7.  Platensis 
of  the  Pampean  formation.  Much  silicified  wood  is 
found  on  the  banks  of  the  Parana  (and  likewise  on  tlie 
Uruguay),  and  I  was  informed  that  they  come  out  of 
these  lower  beds;  four  specimens  collected  by  myself 
are  dicotyledonous. 

The  upper  half  of  the  cliff,  to  a  thickness  of  about 
thirty  feet,  consists  of  Pampean  mud,  of  which  the 
lower  part  is  pale  coloured,  and  the  upper  part  of  a 
brighter  red,  with  some  irregular  layers  of  an  arenaceous 
variety  of  tosca,  and  a  few  small  concretions  of  the 
ordinary  kind.      Close   above  the   marine  limestono, 

■  Capt.  SoliTan  R.N.,  has  given  me  a  speoimen  of  this  shell, 
which  he  found  in  the  cliffii  at  Point  Cerrito,  between  twenty  and 
thirty  miles  above  the  Bajada. 
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there  is  *  thin  stratam  with  a  concretionary  outline  ol 
^hir.e  hard  tosca-rock  or  marl,  which  may  be  considered 
♦  i-iir-r  aa  t-ae  uppermost  bed  of  the  inierior  deposits, 
fiV  \  iie  i'  •'i^eat  01  the  Pampean  formation ;  at  one  time 
I  r;/jn.-,i«iereJ  this  bed  as  markinj?  a  passasre  between 
\\\^.  r.wo  furraatioQs;  but  I  have  since  become  convinced 
tiiiit  I  ''Vas  deceived  on  this  point.  In  the  section  on 
rii'.-  Paraiiu,  I  did  not  find  any  mammiferous  remains; 
bur  at  two  miles  diatance  on  the  A.  Tapas  (a  tributary 
r.f  rh«^  Conciiita:!),  they  were  extremely  numerous  in  a 
l''.v  L-LiF  of  rtrd  I'anipean  mud  with  small  concretions, 
pri'cizjely  like  the  upper  bed  on  the  Parana.  Most  of 
\.\\Kz  buiies  tVere  oolitary  and  much  decayed;  but  I  saw 
th':?  dermal  armour  uf  a  ^riii^antic  Edental  quadruped, 
lonniiig  a  ciiuldrun-iike  hollow,  four  or  five  feet  in 
•li:  I  merer,  *;ut  of  which,  as  I  waa  informed,  the  almost 
entire  akileton  had  been  lately  removed.  I  found  single 
te«th  of  the  M'tstod'jn  Andium.  Toxotlon  Plaiensis^ 
fiiiii  E'liLlis  caruiilcns,  near  to  eiich  other.  As  this 
latter  ro4>th  approaches  closely  to  that  of  the  common 
liurhie,  I  paid  particular  attention  to  its  true  embedment, 
for  I  did  not  at  that  time  know  that  there  was  a  similar 
tooth  hidden  in  the  matrix  with  the  other  mammiferous 
n^mains  from  Punta  Alta.  It  is  an  interesting  circum- 
stance, that  Prof.  Owen  finds  that  the  teeth  of  this 
horse  ap[)roach  more  closely  in  their  peculiar  curvature 
to  a  fi>sail  specimen  brought  by  ilr.  Lyell  *  from  North 
Amt^rica,  than  to  those  of  any  other  species  of  Equns. 

'ilie  underlying  marine  tertiary  strata  extend  over  a 
witio  area :  I  was  assured  thnt  they  can  be  traced  in 
ravinos  in  an  east  and  west  linn  across  Entre  Rios  to 
thi»  Uni^nny,  a  di^fjuio*  of  nbniit  1^5  miles.  In  a  SE. 
dinvHi^n  I  licnnl  of  llioir  existence  nt  the  head  of  the 

«  IaoHb  ' TrnvpU  in  North  Ametica/  vol.  I.  p.  161, and  * Proc oi 

OcH'li^g"  So.'.'  v.'l.  \x.  \\  31). 
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R.  Nankay ;  and  at  P.  Gorda  in  Banda  Oriental,  a 
distance  of  170  miles,  I  found  the  same  limestone, 
containing  the  same  fossil  shells,  lying  at  about  the 
same  level  above  the  river  as  at  St.  F6.  In  a  southerly 
direction,  these  beds  sink  in  height,  for  at  another  P. 
Gorda  in  Entre  Rios,  the  limestone  is  seen  at  a  much 
less  height;  and  there  can  be  little  doubt  that  the 
yellowish  sandy  clay,  on  a  level  with  the  river,  between 
the  Carcarana  and  S.  Nicolas,  belongs  to  this  same 
formation ;  as  perhaps  do  the  beds  of  sand  at  Buenos 
Ayres,  which  lie  at  the  bottom  of  the  Pampean  forma- 
tion, about  sixty  feet  beneath  the  surface  of  the  Plata. 
The  southerly  declination  of  these  beds  may  perhaps  be 
due,  not  to  unequal  elevation,  but  to  the  original  form 
of  the  bottom  of  the  sea,  sloping  from  land  situated  to 
the  north ;  for  that  land  existed  at  no  great  distance, 
we  have  evidence  in  the  vegetable  remains  in  the  lowest 
bed  at  St.  Fe ;  and  in  the  silicified  wood  and  in  the 
bones  of  Toxodon  ParanensiSj  found  (according  to 
M.  d'Orbigny)  in  still  lower  strata. 

Banda  Oriental, — This  province  lies  on  the  north- 
em  side  of  the  Plata,  and  eastward  of  the  Uruguay  :  it 
has  a  gently  undulatory  surface,  with  a  basis  of  primary 
rocks  $  and  is  in  most  parts  covered  up  with  an  un- 
stratified  mass,  of  no  great  thickness,  of  reddish 
Pampean  mud.  In  the  eastern  half,  near  Maldonado, 
this  deposit  is  more  arenaceous  than  in  the  Pampas ;  it 
contains  many  though  small  concretions  of  marl  or 
tosca-rock,  and  others  of  highly  ferruginous  sandstone ; 
in  one  section,  only  a  few  yards  in  depth,  it  rested  on 
stratified  sand.  Near  Monte  Video  this  deposit  in  some 
spots  appears  to  be  of  greater  thickness ;  and  the  re- 
,  mains  of  the  Glyptodon  and  other  extinct  mammifers 
have  been  found  in  it.  In  the  long  line  of  cliffs,  between 
Bfby  and  sixty  feet  in  height,  called  the  Barrancas  de 
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S.  Gregorio,  which  extend  westward  of  the  Rio  S.  Lucia, 
the  lower  half  is  formed  of  coarse  sand  of  quartz  and 
feldspar  without  mica,  like  that  now  cast  up  on  the 
beach  near  Maldonado ;  and  the  upper  half  of  Pampean 
mud,  varying  in  colour  and  containing  honey-combed 
reins  of  soft  calcareous  matter  and  small  concretions  of 
tosca-rock  arranged  in  lines,  and  likewise  a  few  pebbles 
of  quartz.  This  deposit  fills  up  hollows  and  furrows  in 
the  underlying  sand;  appearing  as  if  water  charged 
with  mud  had  invaded  a  sandy  beach.  These  cliffs 
extend  far  westward,  and  at  a  distance  of  sixty  miles, 
near  Colonia  del  Sacramiento,  I  found  the  Pampean 
deposit  resting  in  some  places  on  this  sand,  and  in 
others  on  the  primary  rocks :  between  the  sand  and  the 
reddish  mud,  there  appeared  to  be  interposed,  but  the 
section  was  not  a  very  good  one,  a  thin  bed  of  shells  of 
an  existing  Mytilus,  still  partially  retaining  their  colour. 
The  Pampean  formation  in  Banda  Oriental  might  readily 
be  mistaken  for  an  alluvial  deposit:  compared  with 
that  of  the  Pampas,  it  is  oft^n  more  sandy,  and  con- 
tains small  fragments  of  quartz;  the  concretions  are 
much  smaller,  and  there  are  no  extensive  masses  of 
tosca-rock. 

In  the  extreme  western  parts  of  this  province,  be- 
tween the  Uruguay  and  a  line  drawn  from  Colonia  to 
the  R.  Perdido  (a  tributary  of  the  R.  Negro),  the 
formations  are  far  more  complicated.  Besides  primary 
rocks,  we  meet  with  extensive  tracts  and  many  flat- 
topped,  horizontally  stratified,  cliflT-bounded,  isolated 
hills  of  tertiary  strata,  varying  extraordinarily  in 
mineralogical  nature,  some  identical  with  the  old 
marine  beds  of  St.  F6  Bajada,  and  some  with  those  of 
the  much  more  recent  Pampean  formation.  There  are, 
also,  extensive  Jmo  tracts  of  country  covered  with  a 
deposit  containing  mammiferous  remains,  precisely  like 
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that  jast  described  in  the  more  eastern  parts  of  the 
province.  Althoagh  from  the  smooth  and  nnbroken 
state  of  the  country,  I  never  obtained  a  section  of  this 
latter  deposit  close  to  the  foot  of  the  higher  tertiary- 
hills,  yet  I  have  not  the  least  doubt  that  it  is  of  quite* 
subsequent  origin ;  having  been  deposited  after  the  sea 
had  worn  the  tertiary  strata  into  the  cliff-bounded  hills» 
This  later  formation,  which  is  certainly  the  equivalent 
of  that  of  the  Pampas,  is  well  seen  in  the  valleys  in  the 
estancia  of  Berquelo,  near  Mercedes ;  it  here  consists  of 
reddish  earth,  full  of  rounded  grains  of  quartz,  and 
with  some  small  concretions  of  tosca-rock  arranged  \\k 
horizontal  lines,  so  as  perfectly  to  resemble,  except  in 
containing  a  little  calcareous  matter,  the  formation  in 
the  eastern  parts  of  Banda  Oriental,  in  Entre  Rios,  and 
at  other  places :  in  this  estancia  the  skeleton  of  a  gre^t 
Edental  quadruped  was  found.  In  the  valley  of  the 
Sarandis,  at  the  distance  of  only  a  few  miles,  this  de» 
posit  has  a  somewhat  different  character,  being  whiter^ 
softer,  finer-grained,  and  full  of  little  cavities,  and  con- 
sequently of  little  specific  gravity ;  nor  does  it  contain 
any  concretions  or  calcareous  matter :  I  here  procured 
a  head,  which  when  first  discovered  must  have  been 
quite  perfect,  of  the  Toajocfon  PlcUensiSj  another  of  & 
Mylodon,*  perhaps  M.  Darwinii,  and  a  large  piece  of 
dermal  armour,  differing  fix)m  that  of  the  Olyptodmh- 
davipes.  These  bones  are  remarkable  from  their  ex- 
traordinarily firesh  appearance ;  when  held  over  a  lamp 
of  spirits  of  wine,  they  give  out  a  strong  odour  and 
bum  with  a  small  flame ;  Mr.  T.  Seeks  has  been  so  kind 
as  to  analyse  some  of  the  fragments,  and  he  finds  that 


*  This  head  was  at  first  considered  by  Professor  Owen  (in  the 
'  Zoology  of  the  Beagle^s  Voyage*)  as  belonging  to  a  diatinot  genua^ 
namely,  Qloaaotheriiun. 
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they  contain  about  seven  per  cent,  of  animal  matter, 
and  eight  per  cent,  of  water.* 

The  older  tertiary  strata,  forming  the  higher  isolated 
hills  and  extensive  tracts  of  country,  vary,  as  I  have 
said,  extraordinarily  in  composition :  within  the  dis- 
tance of  a  few  miles,  I  sometimes  passed  over  crystalline 
limestone  with  agate,  calcareous  tui&,  and  marly  rocks, 
all  passing  into  each  other, — red  and  pale  mud  with 
concretions  of  tosca-rock,  quite  like  the  Pampean  for- 
mation,—calcareous  conglomerates  and  sandstones, — 
bright  red  sandstones  passing  either  into  red  con- 
glomerate, or  into  white  sandstone, — hard  siliceous 
sandstones,  jaspery  and  chalcedonic  rocks,  and  numerous 
other  subordinate  varieties.  I  was  unable  to  make  out 
the  relations  of  all  these  strata,  and  will  describe  only 
a  few  distinct  sections : — in  the  cliffs  between  P.  Gorda 
on  the  Uruguay  and  the  A.  de  Vivoras,  the  upper  bed 
is  crystalline  cellular  limestone  often  passing  into  cal- 
careous sandstone,  with  impressions  of  some  of  the  same 
shells  as  at  St.  F6  Bajada ;  at  P.  Gorda,*  this  limestone 
is  interstratified  with,  and  rests  on,  white  sand,  which 
covers  a  bed  about  thirty  feet  thick  of  pale-coloured 
clay,  with  many  shells  of  the  great  Ostrea  Paiagonica : 
beneath  this,  in  the  vertical  cliff,  nearly  on  a  level  with 
the  river,  there  is  a  bed  of  red  mud  absolutely  like  the 
Pampean  deposit,  with  numerous  often  large  concre- 
tions of  perfectly  characterised  white,  compact  tosca- 
rock.  At  the  mouth  of  the  Vivoras,  the  river  flows 
over  a  pale  cavernous  tosca-rock,  quite  like  that  in  the 

»  Liebig  (« Chemistry  of  Agricnlture/  p.  194)  states  that  fresh 
dry  bone«  contain  from  thirty- two  to  thirty-three  per  cent,  of  dry 
gelatine.  See  also  Dr.  Daubeny  in  •  Edin.  New  PhiL  Jonm.'  toL 
zxxrii.  p  29a. 

«  In  my  •Journal*  (p.  171,  Ist  edit,),  I  have  hastily  and  inacca- 
rately  stated  that  the  Pampean  mud,  which  is  found  oyer  the  eastern 
part  of  B.  Oriental,  lies  arer  the  limestone  at  P.  Goida ;  I  should 
have  said  that  there  was  reason^o  infer  that  it  was  a  sabseqnent  ta 
superior  deposit. 
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Pampas,  and  this  appeared  to  underlie  the  crystalline 
limestone;  but  the  section  was  not  nneqaivocal  like 
that  at  P.  Gorda.  These  beds  now  form  only  a  narrow 
and  much  denuded  strip  of  land ;  but  they  mnst  once 
have  extended  much  farther ;  for  on  the  next  etream, 
Bonth  of  the  3.  Juan,  Captain  Sulivan,  R.N.,  fonnd  a 
little  cliff,  only  just  above  the  surface  of  the  river,  with 
Dnmeroua  sheila  of  the  Venus  Munsferii,  d'Orbig., — 
one  of  the  species  occurring  at  St.  F6,  and  of  which 
there  are  casts  at  P.  Gorda :  the  line  of  cliffs  of  the 
eabseqnently  deposited  true  Pampean  mud,  extend 
from  Colonia  to  within  half  a  mile  of  this  spot,  and  no 
donbt  once  covered  np  this  denuded  marine  stratum. 
Again  at  Colonia,  a  Frenchman  found,  in  digging  the 
foundations  of  a  house,  a  great  mass  of  the  Oslrea,  Pata- 
gonica  (of  which  I  saw  many  fragments),  packed  to- 
gether just  beneath  the  surface,  and  directly  superim- 
posed on  the  gneiss.  These  sections  are  important: 
M.  d'Orbigny  is  unwilling  to  believe  that  beds  of  the 
same  nature  with  the  Pampean  formation  ever  underlie 
the  ancient  marine  tertiary  strata;  and  I  was  as  much 
Bnrprised  at  it  as  he  could  huve  been  ;  but  the  vertical 
cliff  at  P.  Gorda  allowed  of  no  mistake,  and  I  must  be 
permitted  to  affirm,  that  after  having  examined  the 
country  from  the  Colorado  to  St.  Fh  Bajada,  I  could  not 
be  deceived  in  the  mineralogical  character  of  the  Pam- 
pean deposit. 

Moreover,  in  a  precipitous  part  of  the  ravine  of 
Las  Bocas,  a  red  sandstone  is  distinctly  seen  to  overlie 
a  thick  bed  of  pale  mud,  also  quite  like  the  Pampean 
formation,  abounding  with  concretions  of  true  tosca- 
rock.  This  sandstone  extends  over  many  miles  of 
country :  it  is  as  red  as  the  brightest  volcanic  scoriEe  ; 
it  sometimes  passes  into  a  course  red  conglomerate 
composed  of  the  onderlyiag  primaiy  rocks ;  and  ollen 
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passes  into  a  sofl  white  sandstone  with  red  streaks. 
At  the  Calera  de  los  Haerfanos,  only  a  quarter  of  a 
mile  soath  of  where  I  first  met  with  the  red  sand- 
stone, the  crystalline  white  limestone  is  quarried:  as 
this  bed  is  the  uppermost,  and  as  it  often  passes  into 
calcareous  sandstone,  interstratified  with  pure  sand ; 
and  as  the  red  sandstone  likewise  passes  into  soft)  white 
sandstone,  and  is  also  the  uppermost  bed,  I  believe 
that  these  two  beds,  though  so  different,  are  equiva- 
lents. A  few  leagues  southward  of  these  two  places, 
on  each  side  of  the  low  primary  range  of  S.  Juan, 
there  are  some  flat-topped,  cliff-bounded,  separate 
little  hills,  very  similar  to  those  fringing  the  primary 
ranges  in  the  great  plain  south  of  Buenos  Ayres :  they 
are  composed — 1st,  of  calcareous  tuff  with  many  par- 
ticles of  quartz,  sometimes  passing  into  a  coarse  con- 
glomerate; 2nd,  of  a  stone  undistinguishable  on  the 
closest  inspection  from  the  compactor  varieties  of 
tosca-rock;  and  3rd,  of  semi-crystalline  limestone, 
including  nodules  of  agate :  these  three  varieties  pass 
insensibly  into  each  other,  and  as  they  form  the  upper- 
most stratum  in  this  district,  I  believe  that  they,  also, 
are  the  equivalents  of  the  pure  crystalline  limestone, 
and  of  the  red  and  white  sandstones  and  conglomerates. 
Between  these  points  and  Mercedes  on  the  Eio 
Negro,  there  are  scarcely  any  good  sections,  the  road 
passing  over  limestone,  tosca-rock,  calcareous  and 
bright  red  sandstones,  and  near  the  source  of  the  S.  Sal- 
vador over  a  wide  extent  of  jaspery  rocks,  with  much 
milky  agate,  like  that  in  the  limestone  near  S.  Juan. 
In  the  estancia  of  Berquelo,  the  separate,  flat-topped, 
cliff-bounded  hills  are  rather  higher  than  in  other  parts 
of  the  country ;  they  range  in  a  NE.  and  SW.  direc- 
tion ;  their  uppermost  beds  consist  of  the  same  bright 
red  sandstone,  passing  sometimes  into  a  conglomerate. 
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and  in  the  lower  part  into  soft  white  saadstone,  and 
even  into  loose  sand:  beneath  this  sandstone,  I  saw 
in  two  places  layers  of  calcareous  and  marly  rocks,  and 
in  one  place  red  Pampean-like  earth ;  at  the  base  of 
these  sections,  there  was  a  hard,  stratified,  white  sand- 
stone, with  chalcedonic  layers.  Near  Mercedes,  beds 
of  the  same  natore  and  apparently  of  the  same  age,  are 
associated  with  compact,  white,  crystalline  limeHtone, 
iaclading  mnch  botryoidal  agate,  and  singular  masses, 
like  porcelain,  but  really  composed  of  a  calcareo-sili- 
ceoos  paste.  Id  sinking  wells  in  this  district  the 
chalcedonic  strata  seem  to  be  the  lowest.  Beds,  snch 
as  here  described,  occur  over  the  whole  of  this  neigh- 
bourhood ;  but  twenty  miles  further  up  the  R.  Negro, 
in  the  cliffs  of  Perika,  which  are  about  fifty  feet  in 
height,  the  upper  bed  is  a  prettily  rariegattd  chalce- 
dony, mingled  with  a  pore  white  tallowy  limestone; 
beneath  this  there  is  a  conglomerate  of  quartz  and 
granite ;  beneath  this  many  saodstones,  some  highly 
calcareous ;  and  the  whole  lower  two-thirds  of  the  cliff 
consist  of  earthy  calcareous  beds  of  various  degrees  of 
purity,  with  one  layer  of  reddish  Pampean-like  mud. 

When  examining  the  agates,  the  chalcedonic  and 
jospery  rocks,  some  of  the  limestoues,  and  even  the 
bright  red  sandstones,  I  was  forcibly  struck  with 
their  resemblance  to  deposits  formed  in  the  neigh- 
bourhood of  volcanic  action.  I  now  find  that  M. 
laabelle,  in  his  '  Voyage  i  Buenos  Ayres,'  has  described 
closely  similar  beds  on  Itaqny  and  Ibicuy  (which  enter 
the  Uruguay  some  way  north  of  the  R.  Negro)  and  these 
beds  include  fragments  of  red  decomposed  true  Bcorite 
hardened  by  zeolite,  and  of  black  retinite:  we  have 
then  here  good  evidence  of  volcanic  action  during  our 
tertiary  period.  Still  farther  north,  near  S.  Anna,' 
'  H.  d'Orbigny,  ■  Voyage,  Part.  G6olog.,'  p.  29. 
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where  the  Parana  makes  a  remarkable  bend,  M. 
Bonpland  found  some  singular  aniygdaloidal  rocks, 
which  perhaps  may  belong  to  this  same  epoch.  I  may 
remark  that,  judging  from  the  size  and  well-rounded 
condition  of  the  blocks  of  rock  in  the  above-described 
conglomerates,  masses  of  primary  formation  probably 
existed  at  this  tertiary  period  above  water :  there  is, 
also,  according  to  M.  IsabcUe,  much  conglomerate 
farther  north,  at  Salto. 

From  whatever  source  and  through  whatever  means 
the  great  Pampean  formation  originated,  we  here  have, 
I  must  repeat,  unequivocal  evidence  of  a  similar 
action  at  a  period  before  that  of  the  deposition  of  the 
marine  tertiary  strata  with  extinct  shells,  at  St.  F6  and 
P.  Gorda.  During  also  the  deposition  of  these  strata, 
we  have  in  the  intercalated  layers  of  red  Pampean-like 
mud  and  tosca-rock,  and  in  the  passage  near  S.  Juan  of 
the  semi-crystalline  limestones  with  agate  into  tosca 
undistinguishable  from  that  of  the  Pampas,  evidence 
of  the  same  action,  though  continued  only  at  intervals 
and  in  a  feeble  manner.  We  have  further  seen  that  in 
this  district,  at  a  period  not  only  subsequent  to  the  de- 
position of  the  tertiary  strata,  but  to  their  upheavement 
and  most  extensive  denudation,  true  Pampean  mud 
with  its  usual  characters  and  including  mammiferous 
remains,  were  deposited  round  and  between  the  hills 
or  islets  formed  of  these  tertiary  strata,  and  over  the 
whole  eastern  and  low  primary  districts  of  Banda 
Oriental. 

Earthy  mass,  with  extinct  mamwiferoiLS  remains, 
over  the  porphyritic  gravel  at  S.  Julian,  lat.  49°  14' 
8,  in  Patugonia. — This  case,  though  not  coming 
strictly  under  the  Pampean  formation,  may  be  con- 
veniently given  here.  On  the  south  side  of  the 
harbour,  -  there  is  a  nearly  level   plain  (mentioned  in 
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the  eighth  chapter)  about  seven  miles  long,  and  three  or 
four  miles  wide,  estimated  at  ninety  feet  in  height,  and 
bordered  by  perpendicular  cliffs,  of  which  a  section  is 
here  represented. 

No.  30. 

SeciioD  of  the  Lowest  Plain  at  Port  S.  Julian. 
A  A  A 


A  A.  Superficial  bed  of  reddish  earth,  with  the  remaina  of  the  ICaoraacheDia,  and 

with  recent  sea-shells  on  the  sur^MJe. 
B.  Orarel  of  porphjrritic  rocksi 

E  "d  ?;  S^^TiSd^^SSiceoua  beda. }  ^^^"^"^  *«^*^  fonnation. 

The  lower  old  tertiary  strata  (to  be  described  in  the 
next  chapter)  are  covered  by  the  usual  gravel  bed; 
and  this  by  an  irregular  earthy,  sometimes  sandy  mass, 
seldom  more  than  two  or  three  feet  in  thickness,  except 
where  it  fills  up  furrows  or  gullies  worn  not  only 
through  the  underlying  gravel,  but  even  through  the 
upper  tertiary  beds.  This  earthy  mass  is  of  a  pale 
reddish  colour,  like  the  less  pure  varieties  of  Pampean 
mud  in  Banda  Oriental ;  it  includes  small  calcareous 
concretions,  like  those  of  tosca-rock  but  more  arena- 
ceous, and  other  concretions  of  a  greenish,  indurated 
argillaceous  substance :  a  few  pebbles,  also,  from  the 
underlying  gravel-bed  are  also  included  in  it,  and  these 
being  occasionally  arranged  in  horizontal  lines,  show 
that  the  mass  is  of  sub-aqueous  origin.  On  the  sur- 
face and  embedded  in  the  superficial  parts,  there  are 
numerous  shells,  partially  retaining  their  colours,  of 
three  or  four  of  the  now  commonest  littoral  species. 
Near  the  bottom  of  one  deep  furrow  (represented  in 
the  diagram),  filled  up  with  this  earthy  deposit,  I 
found  a  large  part  of  the  skeleton  of  the  Macrauclienia 
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Pdtachonica  —  a  gigantic  and  most  extraordinary 
pachyderm,  allied,  according  to  Professor  Owen,  to 
the  Palaaotherium,  but  with  affinities  to  the  Ruminants, 
especially  to  the  American  division  of  the  Camelidaa. 
Several  of  the  vertebrae  in  a  chain,  and  nearly  all  the 
bones  of  one  of  the  limbs,  even  to  the  smallest  bones  of 
the  foot,  were  embedded  in  their  proper  relative  posi- 
tions :  hence  the  skeleton  was  certainly  united  by  its 
flesh  or  ligaments,  when  enveloped  in  the  mad.  This 
earthy  mass,  with  its  concretions  and  manmiiferous 
remains,  filling  up  furrows  in  the  underlying  gravel, 
certainly  presents  a  very  striking  resemblance  to  some 
of  the  sections  (for  instance,  at  P.  Alta  in  B.  Blanca, 
or  at  the  Barrancas  de  S.  Gregorio)  in  the  Pampean 
formation ;  but  I  must  believe  that  this  resemblance  is 
only  accidental.  I  suspect  that  the  mud  which  at  the 
present  day  is  accumulating  in  deep  and  narrow  gullies 
at  the  head  of  the  harbour,  would,  after  elevation,  pre- 
sent a  very  similar  appearance.  The  southernmost 
part  of  the  true  Pampean  formation,  namely,  on  the 
Colorado,  lies  560  miles  of  latitude  north  of  this 
point.* 

With  respect  to  the  age  of  the  Macrauchenia,  the 
shells  on  the  surface  prove  that  the  mass  in  which  the 
skeleton  was  enveloped  has  been  elevated  above  the 
sea  within  the  recent  period  :  I  did  not  see  any  of  the 
shells  embedded  at  a  sufficient  depth  to  assure  me 
(though  it  be  highly  probable)  that  the  whole  thick- 
ness of  the  mass  was  contemporaneous  with  these  indi- 
vidual  specimens.  That  the  Macrauchenia  lived  sub- 
sequently to  the  spreading  out  of  the  gravel  on  this 


*  In  the  succeeding  chapter  I  shaU  have  to  refer  to  a  great 
deposit  of  extinct  mammiferous  remains,  lately  discovered  by  Capt. 
Sulivan,  R.N.,  at  a  point  siill  farther  south,  namely  at  tho  H. 
GaUcgos ;  theii  age  most  at  present  remain  doubtful. 
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plain  is  certain ;  and  that  thia  gravel,  at  the  height  of 
ninety  feet,  was  spread  out  long  af^r  the  eueteuce  of 
recent  shells,  is  scarcely  less  certain.  For,  it  was 
shown  in  the  eighth  chapter,  that  thia  line  of  coast  has 
been  Dpiieaved  with  remarkable  equability,  and  that 
over  a  vast  space  both  noi'th  and  eonth  of  S.  Jnlian, 
recent  species  of  ahella  are  strewed  on  (or  embedded  in) 
the  eorface  of  the  250  feet  plain,  and  of  the  350  feet 
plain  Dp  to  a  height  of  400  feet.  These  wide  atep- 
fonned  plains  have  been  formed  by  the  denuding  action 
of  the  coast-waves  on  the  old  tertiary  strata;  and 
therefore,  when  the  surface  of  the  350  feet  plain,  with 
the  shells  on  it,  first  rose  above  the  level  of  the  sea, 
the  250  feet  plain  did  not  exist,  and  its  formation,  aa 
well  as  the  spreading  out  of  the  gravel  on  its  summit, 
most  have  taken  place  anbaeqnently.  80  also  the 
denudation  and  the  gravel-covering  of  the  ninety  feet 
plain  mast  have  taken  place  subsequently  to  the  eleva- 
tion of  the  250  feet  plain,  on  which  recent  shells  are 
also  strewed.  Hence  there  cannot  be  any  doubt  that 
the  Macranchenia,  which  certainly  was  entombed  in  a 
fresh  state,  and  which  must  have  been  alive  after  the 
spreading  oat  of  the  gravel  on  the  ninety  feet  plain, 
existed,  not  only  snbsequently  to  the  upraised  sheila  on 
the  surface  of  the  250  feet  plain,  but  also  to  those  on 
the  350  to  400  feet  plain  :  these  shells,  eight  in  number 
(namely,  three  species  of  Mytilua,  two  of  Patella,  one 
Fuaua,  Voluta,  and  Balanua),  are  undoubtedly  recent 
Bpeciea,  and  are  the  commonest  kinds  now  living  on 
this  coast.  At  Puota  Alta  in  B.  Blanca,  I  remarked 
bow  marvellous  it  was,  that  the  Toxodon,  a  mammiier 
BO  unlike  to  all  known  genera,  should  have  co-existed 
with  twenty-three  still  living  marine  animals ;  and  now 
we  find  that  the  Macranchenia,  a  quadruped  only  a 
Little  less  anomatous  than  the  Toxodon,  also  co-existed 
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with  eight  other  still  existing  MoUusca:  it  should, 
moreover,  be  borne  in  mind,  that  a  tooth  of  a  pachy- 
deimatous  animal  was  found  with  the  other  remains  at 
Punta  Alta,  which  Professor  Owen  thinks  almost  cer- 
tainly belonged  to  the  Macrauchenia. 

Mr.  Lyell  *  has  arrived  at  a  highly  important  con- 
clusion with  respect  to  the  age  of  the  North  American 
extinct  mammifers  (many  of  which  are  closely  allied  to, 
and  even  identical  with,  those  of  the  Pampean  forma- 
tion), namely,  that  they  lived  subsequently  to  the  period 
when  erratic  boulders  were  transported  by  the  agency 
of  floating  ice  in  temperate  latitudes.  Now  in  the 
valley  of  the  San  Cruz,  only  fifty  miles  of  latitude  south 
of  the  spot  where  the  Macrauchenia  was  entombed,  vast 
numbers  of  gigantic,  angular  boulders,  which  must 
have  been  transported  from  the  Cordillera  on  icebergs, 
lie  strewed  on  the  plain,  at  the  height  of  1,400  feet 
above  the  level  of  the  sea.  In  ascending  to  this  level, 
several  step-formed  plains  must  be  crossed,  all  of  which 
have  necessarily  required  long  time  for  their  formation ; 
hence  the  lowest  or  ninety  feet  plain,  with  its  super- 
ficial bed  containing  the  remains  of  the  Macrauchenia, 
must  have  been  formed  very  long  subsequently  to  the 
period  when  the  1 ,400  feet  plain  was  beneath  the  sea, 
and  boulders  were  dropped  on  it  from  floating  masses 
of  ice.^  Mr.  Lyell's  conclusion,  therefore,  is  thus  far 
confirmed  in  the  southern  hemisphere ;  and  it  is  the 
more  important,  as  one  is  naturally  tempted  to  admit 
so  simple  an  explanation,  that  it  was  the  ice-period 
that   caused    the   extinction   of   the   numerous    great 

'  •Geological  Proceedings/  vol.  iv.  p.  36. 

'  It  must  not  be  inferred  from  these  remarks,  that  the  ice-aotion 
censed  in  South  America  at  this  comparatively  ancient  period ;  for 
in  Tierre  del  Fuego  boulders  were  probably  transported  contempo- 
raneously with,  if  not  subsequently  to,  the  formation  of  the  ninety 
feet  plain  at  8.  Julian,  and  at  other  parts  of  the  coast  of  Patagonijk 
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mammifers  whicli   so  lately  swarmed    over   the   two 
Americaa. 

Summary  and  concluding  rnnarit  on  the  Fam- 
pean  Formation. — One  of  its  most  striking  features  is 
its  great  extent ;  I  passed  continuonBly  over  it  Irom  the 
Colorado  to  St-  F6  Bnjada,  a  distance  of  500  geographical 
miles;  and  M.  d'Orbigny  traced  it  for  250  miles  farther 
north.  In  the  latitude  of  the  Plata,  I  examined  this 
formation  at  intervals  over  an  east  and  west  line  of 
300  miles  from  Maldonado  to  the  River  Carcamna ;  and 
M.  d'Orbigny  believes  it  extends  100  miles  further 
inland :  from  Mr,  Goldcleagh's  travels,  howcTer,  I  should 
hare  thought  that  it  hod  extended,  south  of  the  Gordo- 
Tese  range,  to  near  Mendoza,  and  I  may  add  that  I 
heard  of  great  bones  having  been  found  high  up  the 
River  Quinto.  Hence  the  area  of  the  Pampean  forma- 
tion, as  remarked  by  M.  d'Orbigny,  is  probably  at  least 
equal  to  that  of  Franco,  and  perhaps  twice  or  thrice 
as  great.  In  a  basin,  surrounded  by  gravel-cliff  (at  a 
height  of  nearly  3,000  feet),  south  of  Mendoza,  there 
is,  as  described  in  the  tenth  chapter,  a  deposit  very  like 
the  Pampean,  interstratified  with  other  matter;  and 
again  at  S.  Julian's,  in  Patagonia,  560  miles  south  of 
the  Colorado,  a  small  irregular  bed  of  a  nearly  similar 
nature  contains,  as  we  have  just  seen,  mamniiferous 
remains.  In  the  provinces  of  Moxos  and  Chiquitca 
(1,000  miles  northward  of  the  Pampas),  and  in  Bolivia, 
at  a  height  of  4,000  mdtres,  M,  d'Orbigny  has  described 
similar  deposits,  which  he  believes  to  have  been  formed 
by  the  same  agency  contemporaneously  with  the  Pam- 
pean formation.  Considering  the  immense  distances 
between  these  several  points,  and  their  ditferent  heights, 
it  appears  to  me  infinitely  more  probable,  that  this 
similarity  has  resulted  not  from  contemporaneousness  of 
origin,  but  from  the  similarity  of  the  rocky  framework 
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of  the  continent :  it  is  known  that  in  Brazil  an  immense 
area  consists  of  gneissic  rocks,  and  we  shall  hereafter 
see,  over  how  great  a  length  the  plutonic  rocks  of  the 
Cordillera,  the  overlying  purple  porphyries,  and  the 
trachytic  ejections,  are  almost  identical  in  nature. 

Three  theories  on  the  origin  of  the  Pampean  forma« 
tion  have  been  propounded: — First,  that  of  a  great 
debacle  by  M.  d'Orbigny;  this  seems  founded  chiefly 
on  the  absence  of  stratification,  and  on  the  number  of 
embedded  remains  of  terrestrial  quadrupeds.  Although 
the  Pampean  formation  (like  so  many  argillaceous 
deposits)  is  not  divided  into  distinct  and  separate  strata, 
yet  we  have  seen  that  in  one  good  section  it  was  striped 
with  horizontal  zones  of  colour,  and  that  in  several 
specified  places  the  upper  and  lower  parts  differed,  not 
only  considerably  in  colour,  but  greatly  in  constitution. 
In  the  southern  part  of  the  Pampas  the  upper  mass  (to 
a  certain  extent  stratified)  generally  consists  of  hard 
tosca-rock,  and  the  lower  part  of  red  Pampean  mud, 
often  itself  divided  into  two  or  more  masses,  varying  in 
colour  and  in  the  quantity  of  included  calcareous  matter. 
In  western  Banda  Oriental,  beds  of  a  similar  nature, 
but  of  a  greater  age,  conformnbly  underlie  and  are 
intercalated  with  the  regularly  stratified  tertiary  forma- 
tion. As  a  general  rule,  the  marly  concretions  are 
arranged  in  horizontal  lines,  sometimes  united  into 
irregular  strata:  surely,  if  the  mud  had  been  tumul- 
tuously  deposited  in  mass,  the  included  calcareous 
matter  would  have  segregated  itself  irregularly,  and 
not  into  nodules  arranged  in  horizontal  lines,  one  above 
the  other  and  often  far  apart :  this  arrangement  appears 
to  me  to  prove  that  mud,  difiering  slightly  in  composi- 
tion, was  successively  and  quietly  deposited.  On  the 
theory  of  a  debacle,  a  prodigious  amount  of  mud,  with- 
out a  single  pebble,  is  supposed  to  have  been  borne  over 
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tiie  wide  surface  of  tHe  Pampas,  when  under  water :  on 
the  other  band,  over  the  wLole  of  Patagonia,  the  same 
or  another  debacle  is  EnppoEed  to  have  borne  nothing 
bnt  gravel, — the  gravel  and  the  fine  mod  in  the  neigh- 
bourhood of  the  Hios  Xegro  and  Colorado  having  been 
borne  to  an  equal  distance  from  the  Cordillera,  or 
imagined  line  of  disturbance :  assuredly  directly  oppo- 
site eSects  ought  not  to  be  attributed  to  the  same 
^ency.  Where,  again,  could  a  mass  of  fine  sediment, 
charged  with  calcareous  matter  in  a  fit  state  for  chemi- 
cal segregation,  and  in  quantity  sufficient  to  cover  an 
area  at  least  750  miles  long,  and  400  miles  broad,  to  a 
depth  of  from  twenty  or  thirty  feet  to  a  hundred  feet, 
have  been  accumulated,  ready  to  be  transported  by  the 
supposed  debacle?  To  my  mind  it  is  little  short  of 
demonstration,  that  a  great  lapse  of  time  was  necessary 
for  the  production  and  deposition  of  the  enormous 
amount  of  mud-like  matter  forming  the  Pampas;  nor 
should  I  have  noticed  the  theory  of  a  debacle,  had 
it  not  been  adduced  by  a  naturalist  so  eminent  as 
M.  d'Orbigny. 

A  second  theory,  first  sn^ested,  I  believe,  by  Sir 
W.  Parish,  ia  that  the  Pampean  formation  was  thrown 
down  cm  low  and  marshy  plains  by  the  rivers  of  this 
country  before  they  assumed  their  present  courses. 
The  appearance  and  composition  of  the  deposit,  the 
manner  in  which  it  slopes  up  and  round  the  primaiy 
ranges,  the  nature  of  the  underlying  marine  beds,  the 
estuary  and  sea-shells  on  the  surface,  the  overlying 
sandstone  beds  at  M.  Hermoso,  are  all  quite  opposed 
to  this  view.  Nor  do  I  believe  that  there  is  a  single 
instance  of  a  skeleton  of  one  of  the  extinct  maromifera 
having  been  fonnd  in  an  upright  position,  as  if  it  had 
been  mired. 

The  third  theoiy,  of  the  truth  of  which  I  cannot 
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entertain  the  smallest  doubt,  is  that  the  Pampean  for- 
mation was  slowly  accumulated  at  the  mouth  of  the 
former  estuary  of  the  Plata  and  in  the  sea  adjoining  it. 
I  have  come  to  this  conclusion  from  the  reasons  assigned 
against  the  two  foregoing  theories,  and  from  simple 
geographical  considerations.  From  the  numerous  shells 
of  the  Azara  labiata  lying  loose  on  the  surface  of  the 
plains,  and  near  Buenos  Ayres  embedded  in  the  tosca- 
rock,  we  know  that  this  formation  not  only  was  formerly 
covered  by,  but  that  the  uppermost  parts  were  deposited 
in,  the  brackish  water  of  the  ancient  La  Plata.  South- 
ward and  seaward  of  Buenos  Ayres,  the  plains  were 
upheaved  from  under  water  inhabited  by  true  marine 
shells.  We  further  know  from  Professor  Ehrenberg's 
examination  of  the  twenty  microscopical  organisms  in 
the  mud  round  the  tooth  of  the  Mastodon  high  up  the 
course  of  the  Parana,  that  the  bottom-most  part  of 
this  formation  was  of  brackish- water  origin.  A  similar 
conclusion  must  be  extended  to  the  beds  of  like  com- 
positioD,  at  the  level  of  the  sea  and  under  it,  at 
M.  Hermoso  in  Bahia  Blanca.  Dr.  Carpenter  finds 
that  the  harder  varieties  of  tosca-rock,  collected  chiefly 
to  the  south,  contain  marine  spongoid  bodies,  minute 
fragments  of  shells,  corals,  and  Polythalamia ;  these 
perhaps  may  have  been  drifted  inwards  by  the  tides, 
from  the  more  open  parts  of  the  sea.  The  absence  of 
shells,  throughout  this  deposit,  with  the  exception  of 
the  uppermost  layers  near  Buenos  Ayres,  is  a  remark- 
able fact :  can  it  be  explained  by  the  brackish  condition 
of  the  water,  or  by  the  deep  mud  at  the  bottom  ?  I 
have  stated  that  both  the  reddish  mud  and  the  concre- 
tions of  tosca-rock  are  often  penetrated  by  minnte, 
linear  cavities,  such  as  frequently  may  be  observed  in 
fresh-water  calcareous  deposits: — were  they  produced 
by  the  burrowing  of  small  worms  ?     Only  on  this  view 
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of  the  Pampean  formatioQ  having  been  of  estuary 
origin,  can  the  extraordinary  nambers  (presently  to  be 
alluded  to)  of  the  embedded  mammiferous  remains  be 
explained.' 

With  respect  to  the  first  origin  of  the  reddish  mnd, 
I  will  only  remark,  that  the  enormons  area  of  Brazil 
consists  in  chief  part  of  gneissic  and  other  granitic  rocks, 
which  have  sufiered  decomposition,  and  been  converted 
into  a  ted,  gritty,  argillaceous  mass,  to  a  greater  depth 
than  in  any  other  country  which  I  have  seen.  The 
miztnre  of  ronnded  grains,  and  even  of  small  fragments 
and  pebbles  of  qnartz,  in  the  Pampean  mad  of  Banda 
Oriental,  is  evidently  dne  to  the  neighbouring  and 
underlying  primary  rocks.  The  estnary  mud  was  drifted 
during  the  Pampean  period  in  a  mnch  more  southerly 
source,  owing  probably  to  the  east  and  west  primary 
ridges  south  of  the  Plata  not  having  been  then  elevated, 
than  the  mnd  of  the  Plata  at  present  is ;  for  it  was 
formerly  deposited  as  far  south  aa  the  Colorado.  The 
quantity  of  calcareous  matter  in  this  formation,  espe- 
cially in  those  large  districts  where  the  whole  mass 
passes  into  tosca-rock,  is  very  great:  I  have  already 
remarked  on  the  close  resemblance  in  external  and 
microscopical  appearance  between  this  tosca-rock  and 
the  strata  at  Coquimbo,  which  have  certainly  resulted 
from  the  decay  and  attrition  of  recent  shells :  *  I  dare 

'It  fs  almost  saperGiioaa  togivethenuineToiisoa3es(forlEatance, 
In  Bomatra  j  Lyell's '  PrincipleB,'  vol.  iii  p.  326,  siith  edit.)  of  the 
carcases  of  animaU  bavins'  been  watched  oattoseabjBwolIec  riverg; 
but  I  ma;  refer  to  a  recent  Bccoant  bf  Mi,  BettingtoD  ('Asiatic  Eoc' 
18'IG,  June  Slat),  of  oxen,  deer,  and  bears  being  CBTried  into  the 
Oalf  of  Cambray ;  see,  also,  the  acconcit  in  017  ■  Jom-Dal '  (2nd  edit. 
p.  133)  of  the  DDtnbert  of  animals  drowned  in  thePlata  during  the 
great,  often  recnrrent,  dronghts. 

•  I  may  add,  that  there  are  nearly  rfniilar  HnperBcinl  calcareous 
beds  at  King  Qcoi^'s  Sound  in  An^tralia ;  and  these  nndoabtedly 
haTebeen  foand  by  the  disintegration  of  raari no  remains  (see  Chap- 
ter TIL).  There  ia,  howeTer,  something  very  remarkable  in  the 
freqnwey  of  anperfidkl,  thin  beds  of  ea^j  oalcareoos  iiiatt«i^  in 
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not,  however,  extend  this  oondosion  to  the  calcareooa 
rocks  of  the  Pampas,  more  especially  as  the  underlying 
tertiary  strata  in  Western  Banda  Oriental  show  that  at 
that  period  there  was  a  copious  emission  of  carbonate 
of  lime  in  connection  with  volcanic  action. 

The  Pampean  formation,  judging  from  its  similar 
composition,  and  from  the  apparent  absolute  specific 
identity  of  some  of  its  mammiferous  remains,  and  from 
the  generic  resemblance  of  others,  belongs  over  its  vast 
area — throughout  Banda  Oriental,  Entre  Bios,  and  the 
wide  extent  of  the  Pampas  as  far  south  as  the  Colorado, 
— to  the  same  geological  epoch.  The  mammiferous 
remains  occur  at  all  depths  from  the  top  to  the  bottom 
oi  the  deposit;  and  I  may  add  that  nowhere  in  the 
Pampas  is  there  any  appearance  of  much  superficial 
denudation:  some  bones  which  I  found  near  the 
Guardia  del  Monte  were  embedded  close  to  the  surface : 
and  this  appears  to  have  been  the  case  with  many  of 
those  discovered  in  Banda  Oriental :  on  the  Matanzas, 
twenty  miles  south  of  Buenos  Ayres,  a  Glyptodon  was 
embedded  five  feet  beneath  the  surface ;  numerous 
remains  were  found  by  S.  Maniz,  near  Luxan,  at  an 
average  depth  of  eighteen  feet;  in  Buenos  Ayres  a 
skeleton  was  disinterred  at  sixty  feet  depth,  and  on  the 
Parana  I  have  descried  two  skeletons  of  the  Mastodon 
only  five  or  six  feet  above  the  very  base  of  the  deposit. 
With  respect  to  the  age  of  this  formation,  as  judged  of 
by  the  ordinary  standard  of  the  existence  of  Molluscai 

districts  where  the  sarrounding  rocks  are  cot  calcareous.  Major 
Charters  in  a  Paper  read  before  the  Rojal  Geographical  Society 
(April  IHth,  1840|  and  abstracted  in  the  *  Athenseum,'  p.  317),  states 
that  this  is  the  case  in  parts  of  Mexico,  and  that  he  has  observed 
similar  appearances  in  many  parts  of  South  Africa.  The  drcnm- 
stanoe  of  the  uppermost  stratum  round  the  rugged  Sierra  Ventana 
consisting  of  calcareous  or  marly  matter,  without  any  ooyering  of 
alluvial  matter,  strikes  me  as  yeiy  singular,  in  whateyer  manner  wc 
▼iew  the  deposition  and  elevation  of  the  Pampean  formation. 
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the  only  evidence  within  the  limite  of  the  trae  Pampas 
which  is  at  all  trostworthy  is  afforded  by  the  still  living 
Azara  labiata  being  embedded  in  tosca-rock  near 
Boenos  Ayres,  At  Punta  Alta,  however,  we  have  seen 
that  several  of  the  extinct  mammifers,  most  character- 
istic of  the  Pampean  formation,  co-existed  with  twenty 
species  of  MoUasca,  a  barnacle  and  two  corals^  all  still 
living  on  this  same  coast ; — for  when  we  remember 
that  the  shells  have  a  more  ancient  appearance  than 
the  bones ;  that  many  of  the  bones,  though  embedded 
in  a  coarse  conglomerate,  are  perfectly  preserved  ;  tliat 
almost  all  the  parts  of  the  skeleton  of  the  Scelidotlie- 
rium,  even  to  the  knee-cap,  were  lying  in  tlieir  proj^r 
relative  positions ;  and  that  a  large  piece  of  the  fragile 
dermal  armoar  of  a  Dasypoid  quadruped,  connected 
with  some  of  the  bones  of  the  foot,  had  been  entombed 
in  a  condition  allowing  the  two  sides  to  be  doubled 
together,  it  must  assuredly  be  admitted  that  tliese 
mammiferons  remains  were  embedded  in  a  fresh  state, 
and  therefore  that  the  living  animals  co-existed  with 
the  co-embedded  shells.  Moreover,  the  Miicraicchenia 
PcUachonica  (of  which,  according  to  Professor  Owen, 
remains  also  occur  in  the  Pampas  of  Buenos  Ayres,  and 
at  Panta  Alta)  has  been  shown  by  satisfactory  evidence 
of  another  kind  to  have  lived  on  the  plains  of  Pata- 
gonia long  after  the  period  when  the  adjoining  sea  was 
first  tenanted  by  its  present  commonest  molluscous 
animals.  We  must,  therefore,  conclude  that  the  Pam- 
pean formation  belongs,  in  the  ordinary  geological 
sense  of  the  word,  to  the  Recent  Period.^ 

At  St.  F6  Bajada,  the  Pampean  estuary  formation, 
with  its   mammiferons   remains,   conformably  overlies 

'  M.  d'Orbigny  beUeves  (*  Voyage,  Part.  G6olog.*  p.  81)  that  this 
formation,  though  *  tr^s  voisine  de  la  notre,  est  nianmoins  do  bcau« 
ooap  ant^xienre  k  Qotre  cruation.' 

24 
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the  marine  tertiary  strata,  which  (as  first  shown  by 
M.  d'Orbigny)  are  contemporaneous  with  those  of 
Patagonia,  and  which,  as  we  shall  hereafter  see,  belong 
to  a  very  ancient  tertiary  stage.  When  examining  the 
junction  between  these  two  formations,  I  thought  that 
the  concretionary  layer  of  marl  marked  a  passage  be- 
tween the  marine  and  estuary  stages.  M.  d'Orbigny 
disputes  this  view  (as  given  in  my  Journal),  and  I  admit 
that  it  is  erroneous,  though  in  some  degree  excusable, 
from  their  conformability  and  from  both  abounding 
with  calcareous  matter.  It  would,  indeed,  have  been  a 
great  anomaly  if  there  had  been  a  true  passage  between 
a  deposit  contemporaneous  with  existing  species  of 
Mollusca,  and  one  in  which  all  the  Mollusca  appear  to 
be  extinct.  Northward  of  St.  Fe,  M.  d'Orbigny  met 
with  ferruginous  sandstones,  marly  rocks,  and  other 
beds,  which  he  considers  as  a  distinct  and  lower  forma- 
tion ;  but  the  evidence  that  they  are  not  parts  of  the 
same,  with  an  altered  mineralogical  character,  does  not 
appear  to  me  quite  satisfactory. 

In  Western  Banda  Oriental,  whilst  the  marine  ter- 
tiary strata  were  accumulating,  there  were  volcanic 
eruptions,  much  silex  and  lime  were  precipitated  from 
solution,  coarse  conglomerates  were  formed,  being  de- 
rived probably  from  adjoining  land,  and  layers  of  red 
mud  and  marly  rocks,  like  those  of  the  Pampean  for- 
mation, were  occasionally  deposited.  The  true  Pampean 
deposit,  with  mammiferous  remains,  instead  of  as  at 
8t.  F6  overlying  conformably  the  tertiary  strata,  is 
here  seen  at  a  lower  level  folding  round  and  between 
the  flat-topped,  clitf-bounded  hills,  formed  by  the  up- 
heaval and  denudation  of  these  same  tertiary  strata. 
The  upheaval,  having  occurred  here  earlier  than  at 
St.  F6,  may  be  naturally  accounted  for  by  the  contem- 
poraneous volcanic  action.    At  the  Barrancas  de  S, 
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Gregorio,  tLe  Pampean  deposit,  as  we  have  Been,  over- 
lies and  fills  Dp  furrows  in  coarse  sand,  precisely  like 
that  now  accumnlating  00  the  shores  near  the  month  of 
the  Plata.  I  can  hardiv  believe  that  this  loose  and 
coarae  sand  is  contemporaDeous  with  the  old  tertiary 
and  often  crystalline  strata  of  the  more  western  parts 
of  the  provioce ;  and  am  induced  to  suspect  that  it  is 
<^  subsequent  orijjin.  If  that  section  near  Colonia 
could  be  implicitly  trastcd.  in  which,  at  a  height  of 
only  fifteen  feet  above  the  Plata,  a  bed  of  fresh-looking 
mussels,  of  an  existing  litloral  species,  appeared  to  lie 
between  the  sand  and  the  Pampean  mud,  I  should  con- 
clude that  Banda  Oriental  must  have  stood,  when  the 
coarse  sand  was  accumulating,  at  only  a  little  below  its 
present  level,  and  had  then  subsided,  allowing  tho 
estnary  Pampean  mad  to  cover  far  and  wide  its  surface 
np  to  a  height  of  some  hundred  feet;  and  that  after 
this  subsidence  the  province  hud  been  uplifted  bo  its 
present  level. 

In  Western  Banda  Oriental,  we  know,  from  two 
nnequivocal  sections,  that  there  is  a  mass,  absolutely 
un distinguishable  from  the  true  Pampean  deposit,  be- 
neath the  old  tertiary  strata.  This  inferior  mass  must 
be  veiy  much  more  ancient  than  the  upper  deposit  with 
its  mammiferous  remains,  for  it  lies  beneath  the  ter- 
tiary strata  in  which  all  the  shells  are  extinct.  Never- 
theless, the  lower  and  upper  masses,  as  welt  as  some 
intermediate  layers,  are  so  similar  in  mineralogical 
character,  that  I  cannot  doubt  that  they  are  all  of 
estnaiy  origin,  and  have  been  derived  from  the  same 
great  source.  At  first  it  appeared  t*  me  extremely 
improbable  that  mud  of  the  same  nature  should  have 
been  deposited  on  nearly  the  same  spot,  during  an 
immense  lapse  of  time,  namely,  from  a  period  equiva- 
lent perhaps  to  the  Eocene  of  Europe  to  that  of  the 
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Pampean  formation.  Bat  as,  at  the  very  commencement 
of  the  Pampean  period,  if  not  at  a  still  earlier  period, 
the  Sierra  Ventana  formed  a  boundary  to  the  south, — 
the  Cordillera  or  the  plains  in  front  of  them  to  the 
west, — the  whole  province  of  Corrientes  probably  to 
the  north,  for,  according  to  M.  d'Orbigny,  it  is  not 
covered  by  the  Pampean  deposit, — and  Brazil,  as  known 
by  the  remains  in  the  caves,  to  the  north-east ;  and  as 
again,  during  the  older  tertiary  period,  land  already 
existed  in  Western  Banda  Oriental  and  near  St.  F6 
Bajada,  as  may  be  inferred  from  the  vegetable  d6bri8, 
from  the  quantities  of  silicified  wood,  and  from  the 
remains  of  a  Toxodon  found,  according  to  M.  d'Orbigny, 
in  still  lower  strata,  we  may  conclude  that  at  this  an- 
cient period  a  great  expanse  of  water  was  surrounded 
by  the  same  rocky  framework  which  now  bounds  the 
plains  of  Pampean  formation.  This  having  been  the 
case,  the  circumstance  of  sediment  of  the  same  nature 
having  been  deposited  in  the  same  area  during  an  im- 
mense lapse  of  time,  though  highly  remarkable,  does 
not  appear  incredible. 

The  elevation  of  the  Pampas,  at  least  of  the  southern 
parts,  has  been  slow  and  interrupted  by  several  periods 
of  rest,  as  may  be  inferred  from  the  plains,  cliffs,  and 
lines  of  sand-dunes  (with  shells  and  pumice-pebbles) 
standing  at  different  heights.  I  believe,  also,  that  the 
Pampean  mud  continued  to  be  deposited,  after  parts  of 
this  formation  had  already  been  elevated,  in  the  same 
manner  as  mud  would  continue  to  be  deposited  in  the 
estuary  of  the  Plata,  if  the  mud-banks  on  its  shores 
were  now  uplifted  and  changed  into  plains :  I  believe 
in  this  from  the  improbability  of  so  many  skeletons 
and  bone^  having  been  accumulated  at  one  spot,  where 
M.  Hermoso  now  stands,  at  a  depth  of  between  800  and 
1,000  feet,  and  at  a  vast  distance  from  any  land  except 
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small  rocky  Ulets, —  as  must  have  been  the  case,  if  the 
high  tosca-plain  round  the  Veotana  and  adjoining 
Sierras,  had  not  been  already  uplifted  and  converted 
into  land,  supporting  mammiferoua  animals.  At  Punta 
Alta  we  have  good  evidence  that  the  gravel-strata, 
which  certainly  belong  to  the  true  Fampeau  period, 
were  accumulated  after  the  elevation  in  that  neighbour- 
hood of  the  main  part  of  the  Pampean  deposit,  whence 
the  rounded  masses  of  tosca-rock  were  derived,  and 
that  rolled  fragment  of  black  bone  in  the  same  peculiar 
condition  with  the  remains  at  Monte  Hermoso. 

The  nnmber  of  the  mammiferons  remains  embedded 
in  the  Pampas  is,  as  I  have  remarked,  wonderful;  it 
shocld  be  borne  in  mind  that  they  have  almost  exclu- 
sively been  found  in  the  cliffs  and  steep  banks  of  rivers, 
and  that,  nntil  lately,  they  excited  no  attention  amongst 
the  inhabitants ;  I  am  firmly  convinced  that  a  deep 
trench  could  not  be  cut  in  any  line  across  the  Pampas, 
without  intersecting  the  remains  of  some  quadruped. 
It  is  difficult  to  form  an  opinion  in  what  part  of  the 
Pampas  they  are  most  numerous ;  in  a  limited  spot 
they  could  not  well  have  been  more  numerous  than 
they  were  at  P.  Alta ;  the  number,  however,  lately  found 
by  Senor  F.  Muniz,  near  Lnzaa,  in  a  central  spot  in 
the  Pampas,  is  e.'^traordiaarily  great:  at  the  end  of 
this  chapter  I  will  give  a  list  of  all  the  localities  at 
which  I  have  heard  of  remains  having  been  discovered. 
Very  frequently  the  remains  consist  of  almost  perfect 
skeletons ;  hut  there  are,  also,  numerous  single  bones, 
us  for  ii^tance  at  St.  FS,  Their  state  of  preservation 
varies  much,  even  when  embedded  near  each  other :  I 
Baw  none  others  so  perfectly  preserved  as  the  heads  of 
the  Toxodon  and  Mylodon  from  the  white  soft  earthy 
bed  OD  the  Sarandis  in  Banda  Oriental.  It  is  remarkabls 
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that  in  two  limited  sections  I  fonnd  no  less  than  five 
teeth  separately  embedded,  and  I  heard  of  teeth  having 
been  similarly  found  in  other  parts :  may  we  suppose 
that  the  skeletons  or  heads  were  for  a  long  time  gently 
drifted  by  currents  over  the  soft  muddy  bottom,  and 
that  the  teeth  occasionally,  here  and  there,  dropped 
out? 

It  may  be  naturally  asked,  where  did  these  numerous 
animals   live?      From  the  remarkable  discoveries  of 
MM.  Lund  and  Clausen,  it  appears  that  some  of  the 
species  found  in  the  Pampas  inhabited  the  high-lands 
of  Brazil :  the  Mastodon  Andium  is  embedded  at  great 
heights  in  the  Cordillera  from  north  of  the  equator  *  to 
at  least  as  far  south  as  Tarija ;  and  as  there  is  no  higher 
land,  there  can  be  little  doubt  that  this  Mastodon  must 
have  lived  on  the  plains  and  valleys  of  that  great  range. 
These  countries,   however,  appear  too  far   distant   for 
the   habitation   of  the   individuals    entombed   in   the 
Pampas :  we  must  probably  look  to  nearer  points,  for 
instance  to  the  province  of  Corrientes,  which,  as  already 
remarked,  is  said  not  to  be  covered  by  the  Pampean 
formation,    and   may   therefore,   at   the   period   of  its 
deposition,  have  existed  as  dry  land.     I  have  already 
given  my  reasons  for  believing  that  the  animals  em- 
bedded at  M.  Hormoso  and  at  P.  Alta  in  Bahia  Blanca, 
lived  on  adjoining  land,  formed  of  pai'ts  of  the  already 
elevated  Pampean  deposit.     With  respect  to  the  food 
of  these  many  great  extinct   quadrupeds,  I   will  not 
repeat  the  facts  given  in  my  Journal  (second  edit.  p.  85), 
showing  that  there  is  no  correlation  between  the  luxuri- 
ance of  the  vegetation  of  a  country  and  the  size  of  its 

'  Humboldt  states  that  the  Mastodon  has  been  discovered  in 
New  Oranada ;  it  has  been  found  in  Quito.  When  at  Lima,  I  saw  a 
t<x)tli  of  a  Mastodon  in  the  possession  of  Don  M.  Bivero,  found  at 
Playa  Chica  on  the  Maranon,  near  the  Guallaga.  Every  one  has 
heard  of  the  numerous  remains  of  Mastodon  in  Bolivia. 


catr.n.        Mamm if ero-.is  Remains  of .  361 

mammiferoDs  inIiabitaDts.  I  do  not  doubt  that  lai^ 
animals  conld  now  exist,  as  far  aa  the  amount,  not  kind, 
of  vegetation  is  concerned,  on  the  sterile  plains  of  Babia 
Blanca  and  of  the  R.  Xegro,  aa  well  as  on  the  equally 
if  not  more  sterile  plains  of  Sonthem  Africa.  The 
climate,  however,  mav  perhaps  have  somewhat  deterior- 
ated since  the  mammifers  embedded  at  Bahia  Blanca 
lived  there  ;  for  we  must  not  infer,  from  the  continued 
existence  of  the  same  shells  on  the  present  coasts,  that 
there  has  been  no  change  in  climato ;  for  several  of 
these  shells  now  range  northward  along  the  shores  of 
Brazil,  where  the  most  luxuriant  vegetation  flourishes 
under  a  tropical  temperature.  With  respect  to  the 
extinction,  which  at  first  fills  the  mind  with  astonish- 
ment, of  the  many  great  and  small  innnmiifers  of  this 
period,  I  may  also  refer  to  the  work  above  cited  (second 
edit,  p.  173j,in  which  I  have  endeavoured  to  show  that, 
however  unable  we  may  be  to  explain  the  precise  cause, 
we  onght  not  properly  to  feel  more  surprised  at  a  species 
becoming  extinct  than  at  one  being  rare ;  and  yet  we 
are  accustomed  to  view  the  rarity  of  any  particular 
species  as  an  ordinary  event,  not  requiring  any  extra- 
ordinary agency. 

The  several  mammifers  embedded  in  the  Panipean 
formation,  which  mostly  belong  to  extinct  genera,  and 
some  even  to  extinct  families  or  orders,  and  which  differ 
nearly,  if  not  quite,  as  much  as  do  the  Eocene  mammifers 
of  Europe  from  living  quadrupeds  having  existed  cou- 
temporaneoaaly  with  Mollusca,  all  still  inhabiting  the 
adjoining  sea,  is  certainly  a  most  striking  fact.  It  is, 
however,  far  from  being  an  isolated  one ;  for,  during 
the  late  tertiary  deposits  of  Britain,  an  elephant,  rhi- 
noceros, and  hippopotamus  co-existed  with  many  recent 
land  and  fresh-water  shells;  and,  in  North  America, 
we  have  the  best  evidence  that  a  mastodon,  elephant, 


362  Pampean  Formation :  »aw  n. 

megatherium,  megalonyx,  mylodon,  an  extinct  horse 
and  ox,  likewise  co-existed  with  numerous  land,  fresh- 
water, and  marine  recent  shells.^  The  enumeration  of 
these  extinct  North  American  animals  naturally  leads 
me  to  refer  to  the  former  closer  relation  of  the 
mammiferous  inhabitants  of  the  two  Americas,  which 
I  have  discussed  in  my  Journal,  and  likewise  to  the 
vast  extent  of  country  over  which  some  of  them  ranged: 
thus  the  same  species  of  the  Megatherium^  MegdUmyx^ 
Equus  (as  far  as  the  state  of  their  remains  permits  of 
identification),  extended  from  the  Southern  United 
States  of  North  America  to  BahiaBlanca,  inlat.  39^  S., 
on  the  coast  of  Patagonia.  The  fact  of  these  animals 
having  inhabited  tropical  and  temperate  regions  does 
not  appear  to  me  any  great  diflSculty,  seeing  that  at 
the  Cape  of  Good  Hope  several  quadrupeds,  such  as  the 
elephant  and  hippopotamus,  range  from  the  equator  to 
lat.  35°  south.  The  case  of  the  Mastodon  A^idium  is 
one  of  more  difliculty,  for  it  is  found  from  lat.  36°  S., 
over,  as  I  have  reason  to  believe,  nearly  the  whole  of 
Brazil,  and  up  the  Cordillera,  to  regions  which,  according 
to  M.  d'Orbigny,  border  on  perpetual  snow,  and  which 
are  almost  destitute  of  vegetation :  undoubtedly  the 
climate  of  the  Cordillera  must  have  been  different  when 
the  mastodon  inhabited  it;  but  we  should  not  forget 
the  case  of  the  Siberian  mammoth  and  rhinoceros,  as 
showing  how  severe  a  climate  the  larger  pachydermata 
can  endure ;  nor  overlook  the  fact  of  the  guanaco  rang- 
ing at  the  present  day  over  the  hot  low  deserts  of  Peru, 
the  lofty  pinnacles  of  the  Cordillera,  and  the  damp 
forest-clad  land  of  Southern  Tierra  del  Fuego;   the 

*  Many  original  obseirations,  and  a  summaiy  on  this  subject,  are 
given  in  Mr.  Lyell's  paper  in  the  *(jleolog.  Proc.'  vol.  iv.  p.  3,  and  in 
his  •  Travels  in  North  America,*  vol.  i.  p.  164,  and  voL  il.  p.  60.  For 
the  European  analogous  cases,  see  Mr.  Lyeirs '  Principles  of  Geology' 
(6th  edit.)  vol.  i.  p.  137. 
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puma,  also,  is  found  from  the  equator  to  the  Strait  of 
Magellan,  and  I  have  seen  its  footsteps  only  a  little 
below  the  limits  of  perpetual  snow  in  the  Cordillera  of 
Chile. 

At  the  period,  so  recent  in  a  geological  sense,  when 
these  extinct  mammifers  existed,  the  two  Americas 
must  have  swarmed  with  quadrupeds,  many  of  them 
of  gigantic  size ;  for,  besides  those  more  particularly 
referred  to  in  this  chapter,  we  must  include  in  this 
same  period  those  wonderfully  numerous  remains,  some 
few  of  them  specifically,  and  others  generically  related 
to  those  of  the  Pampas,  discovered  by  MM.  Lund  and 
Clausen  in  the  caves  of  Brazil.  Finally,  the  facte  here 
given  show  how  cautious  we  ought  to  be  in  judging  of 
the  antiquity  of  a  formation  from  even  a  great  amount 
of  difference  between  the  extinct  and  living  species  in 
any  one  class  of  animals ; — we  ought  even  to  be  cautious 
in  accepting  the  general  proposition,  that  change  in 
organic  forms  and  lapse  of  time  are  at  all,  necessarily, 
correlatives. 


SUPPLEMENT. 

On    the    Thickness  of  the  Pampean   Formation,  near 

Bvsnos  Ayres. 

Bepnblished  from  the  '  Proo.  of  the  Geological  Roo.'  Dea  3, 1862. 

M.  Sourdeaux  and  J.  Coghlan,  Esq.,  C.E.,  have  had  the 
kindness  to  send  me,  through  E.  B.  Webb,  Esq.,  C.E., 
some  excellent  sections  of,  and  specimens  from,  two 
artesian  wells  lately  made  at  Buenos  Ayres.  I  beg 
permission  to  present  these  specimens  to  the  Geological 


* 
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Society,  as  they  would  be  of  considerable  service  to  any 
one  investigating  the  geology  of  that  country.  The 
Pampean  formation  is  in  several  respects  so  interesting, 
from  containing  an  extraordinary  number  of  the  remains 
of  various  extinct  Mammifers,  such  as  Megaiherivm^ 
Mylod/m,  MasiodoUj  Toxodon^  &c.,  and  fix)m  its  great 
extent,  stretching  in  a  north  and  south  line  for  at  least 
750  geographical  miles,  and  covering  an  area  fully 
equal  to  that  of  France,  that,  as  it  appears  to  me,  a 
record  ought  to  be  preserved  of  these  borings.  South- 
ward, at  the  Rio  Colorado,  the  Pampean  formation 
meets  the  great  Tertiary  formation  of  Patagonia ;  and 
northward,  at  St.  F6  Bajada,  it  overlies  this  same  for- 
mation with  its  several  extinct  shells. 

In  the  central  region  near  Buenos  Ayres  no  natural 
section  shows  its  thickness ;  but,  by  the  borings  there 
made  in  two  artesian  wells  (figs.  3 1  and  32),  the  Pampean 
mud,  with  tosca-rock,  is  seen  to  extend  downwards 
from  the  level  of  the  Rio  Plata  to  a  depth  of  sixty-one 
feet,  and  to  this  must  be  added  fifty-five  feet  above 
the  level  of  the  river.  These  argillaceous  beds  overlie 
coarse  sand,  containing  the  Azara  lalmitcb  (a  shell 
characteristic  of  the  I^anipean  formation),  and  attaining 
a  thickness  of  about  ninety-three  feet.'     So  that  the 

*  The  following  extract  from  tlie  Report  of  the  borers  relates  to 
this  bed  : — The  bed  of  yellow,  riuid  sands  between  18"  60and47""20 
below  the  ground  contains  a  subterranean  ascending  current,  the 
level  of  which  has  not  varied  by  a  ceniini6tre  for  three  years.  The 
level  is  0™  (JO  (2  feet  over  tlie  level  of  the  wells  at  Barracas).  This  bed 
(•napa')is  pr)werfully  absorbent.  At  6S"-30  a  second  subterranean  cur- 
rent (•  overllowing*),  was  met,  which  *"o«e  one  foot  over  the  surface  of 
the  ground  at  Barraciis.  The  discharge  was  about  oO  pipes  daily,  but 
the  water  was  halt  and  undrinkable.  At  73'"'30  was  found  a  third 
subterranean  current  (*oveillowinj;'),  >vhich  reached  with  difficulty 
the  lev<?l  of  the  ground.  The  discharge  might  be  calculated  at 
100  pipe**  daily.  The  water  was  very  salt,  and  absorbed  that  of 
the  tirst  overllowing  current.  The  great  spring  was  met  with  at 
77-65.' 

As  regards  the  quality  and  abundance  of  the  water,  Mr.  Cogblan 
remarks  that  *  The  quantity  of  water  discharged  per  hour  through  a 
tube  of  about  ^\  inches  in  diameter,  at  a  level  of  6  feet  above  high- 
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entire  thickness  of  the  great  estuarine  or  Pampean  for- 
mation near  Baenos  Ay  res  is  nearly  210  feet. 


No.  31. 

OompumtiTe  sections  of  the  Artosan  WoU^t  of  llarracas  and  Bueiia<  Ayrcs 

Riachaclo. 
I 


Bucuos  Ajn'e&. 


Lerd  of  eqol-' 
librinm     of 
the    princi- 
I»lfl|ning    , 


1  jL  ^Hriiig  .    *  •  ^ 


Snd  spring 

3rd  q)ring 
4thflpring 


^    High  wat«r 
levd 


Snd  spring 
Snl  spring 
h 

4th  spring 
24&  feet 


470  feet 


a,  Olays  and  Tosca    . 

h.  Sand 

c.  Very  sandy  clay     .       .       .    ) 

d.  Dark  blue  plastic  clay  .       •    r  ' 

e.  ToBCo,  with  calcareous  nodules  I 
/.  Yellow  sauda,  rery  flue  and  fluid 


TliicknofM  TlifcknoMi 
at  Iliimioufi.  nt  ItupnoH 
Kc-ot      Ayn*.  Feet 

57 
13  61 


47 
94 


62 
46 


water  mark,  was  2,658  gralloDS.  Its  temperature  was  21°  Cent.,  and 
it  had  a  slightly  disagreeable  taste,  from  its  being  impregnated  with 
salts  of  lime  and  magnesia,  and  a  small  quantity  of  sulphuretted 
hydrogen.' 
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Pampean  Formaiion  : 


k.  T<-r.LuT  fl^  ui<t  aailrtoiw 


This  formation  rests  od  varioas  mariae  beds  of  in- 
durated green  day,  sand  with  corals,  sandstone,  and 
limestone,  alt<^ther    107   feet   in   thickness.     These 


beds  cont.'iin  fraf^cnts  of  the  great  Oi^fTea  Patagonwi, 
0,  All-lire::!!  (Vj,  IWteit  Paroiicii.-'ii',  and  other  shells, 
njipfin'Htly  tlic  pame  (but  they  liave  not  been  rigorously 
compjin'il)  with  tlinse  enumerated  by  il.  A,  d'Orbigny 
mid  l)y  myself  a-j  found  at  St.  F(i  Biijnda,  aa  well  as  at 
variniiH  points  on  the  const  of  Patagonia.  The  already 
pnornioiiB  continuous  extension  of  tJie  Patagonian  tep- 
tiiiry    formation   is   thus   largely   increased.     Beneath 
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these  beds  a  mass  of  red  calcareoas  day,  becoming  in 
the  lower  part  more  and  more  marly,  containing  layers 
of  sand,  and  of  the  thickness  of  213  feet,  was  bored 
through  to  a  depth  of  470  feet  from  the  level  of  the 
Bio  Plata.  This  lower  mass  contained  no  fossils,  and 
its  age  is  of  course  unknown  ;  *  but  I  may  add  that  I 
saw  at  two  points  in  Western  Banda  Oriental,  beneath 
the  marine  tertiary  strata,  beds  of  red  clay  with  marly 
concretions,  which,  from  their  mineralogical  resemblance 
to  the  overlying  Pampean  formation,  seemed  to  indicate 
that  at  an  ancient  period  the  Rio  Plata  had  deposited 
an  estnarine  formation,  subsequently  covered  by  the 
marine  tertiary  beds,  and  these  by  the  more  modern 
estuarine  formation,  with  its  remains  of  numerous 
gigantic  Mammalia;  and  that,  finally,  the  whole  had 
been  elevated  into  the  present  plains  of  the  Pampas. 


LocalUtes  within  the  region  of  the  Pampas  where  great  bonee  have 

been  found. 

The  following  list,  which  includes  every  account  which  I  have 
hitherto  met  with  of  the  discovery  of  fossil  mammiferous  remains 
in  the  Pampas,  may  be  hereafter  useful  to  a  geologist  investif^ating 
this  region,  and  it  tends  to  show  their  extraordinary  ahundance. 
I  heard  of  and  saw  many  fossils,  the  original  position  of  which  I 
could  not  ascertain ;  and  1  received  many  statements  too  vague  to 
he  here  inserted.  Beginning  to  the  south: — we  have  the  two 
stations  in  Baliia  Blauca,  descrihed  in  this  chapter,  where,  at  P. 
Alta,  the  Megatherium,  Megalonyz,  Scclidotherium,  Mylodon, 
Hoiophractus  (or  an  allied  genus),  Toxodon,  Macrauchenia,  and 
an  Equus  were  collected  ;  and  at  M.  Ilermoso  a  Ctenomys,  Hydro- 
chasrus,  some  other  rodents  and  the  bones  of  a  great  megatheroid 

3uadruped.  Close  north-east*  of  the  S.  Tapalguen,  we  have  the 
lio  '  Huesos '  (\,e.  bones),  which  probably  tanes  its  name  from 
large  fossil  bnncs.  Near  Villa  Nuevo,  and  at  Las  Averins,  not 
far  from  the  Salado,  three  nearly  peifect  skeletons,  one  of  the 
Megatheriom,  one  of  the  Glyptodon  clavipes,  and  one  of  some  gri^at 
Dasypoid  quadruped,  were  found  by  the  agent  of  Sir  W.  Parish 

'  It  was  supposed  by  Dr.  Burmeister  to  be  Silurian. 
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(tiffe  his  work  '  Buenos  Avres/  &c.  p.  171).  I  have  seen  the  tooth 
of  a  Mnstodon  from  the  ^lado;  a  little  northward  of  this  liTer, 
on  the  borders  of  a  lake  near  the  G.  del  Monte,  I  saw  many  bones, 
and  one  large  piere  of  dermal  armour :  higher  up  the  Salado,  there 
is  a  place  callei  Monte  '  Iluesos/  On  the  Matanzas.  about  twenty 
miloH  s^mth  of  Buenos  Ayres,  the  skeleton  (vide  p.  178,  of '  Buenos 
Ay  res/  &c.  by  Sir  \V.  Parish)  of  a  Glyptodon  was  found  about 
five  feet  beneath  the  surface ;  here  also  (see  'Cat.  of  Royal  College 
of  Sur^reons ')  remains  of  Glyptodtm  claripeSy  G,  amafiis,  and  G. 
rctinUatitB  were  found.  Signor  Angelis,  in  a  letter  which  I  have 
•eeu,  refers  to  some  great  remains  found  in  Buenos  Ajres,  at  a 
depth  of  twenty  varas  Irom  the  surface.  Seven  leagues  north  of 
thiri  city  the  same  author  found  the  skeletons  of  Mylodan  robustwt 
and  Glyptftdon  ornatfis.  From  this  neighbourhood  he  has  lately 
6(>nt  to  the  British  Museum  the  following  fossils: — Remains  of 
three  or  four  individuals  of  Megatherium;  of  three  Rpecies  of 
Givptodon;  of  three  individuals  of  the  Mastodon  Andium;  of 
Mjicrauchenia ;  of  a  second  species  of  Toxodon,  different  from  T, 
lUatniAu ;  and,  lastly,  of  tlie  Machairt^dus,  a  wonderful  larfre  car- 
nivorous animal.  M.  d'Orbiprnv  has  lately  received  from  the  Reco- 
lato  (*  Voyage,'  Pal.  p.  144),  near  Buenos  Ay  res,  a  tooth  of  Toxodcn 
lUfit^tJiaii*. 

Proceeding  northward,  along  the  west  bank  of  the  Parana,  we 
come  to  the  Uio  Luxan,  where  two  skeletons  of  the  Megatherium 
liave  been  found ;  and  lately,  within  eight  leagues  of  the  town  of 
Luxnn,  Dr.  F.  X.  !Muniz  has  collected  (*  British  Packet,*  Buenos 
A\Te8,  September  l^oih,  1841),  from  an  average  depth  of  eighteen 
f«M't,  very  nunjcrous  remains,  of  no  less  than,  as  he  believes,  nine 
distinct  s|>»'cies  of  mammifers.  At  A  reco,  large  bones  have  been 
found,  which  are  believed,  by  the  inhabitants,  to  have  been  changed 
from  small  bones  by  the  water  of  the  river!  At  Arrecifes,  the 
Glyptodon,  sent  to  the  Colh'ge  of  Surgeons,  was  found;  and  I 
have  seen  two  teeth  of  a  Mantodon  from  this  quarter.  At  8. 
Nicolas,  M.  d'Orbigny  found  remains  of  a  Canis,  Ctenomys,  and 
Kerodon;  and  M.  Isabelle  (' Voyage,' p.  382)  refers  to  a  gigantic 
Armadillo  found  th(;re.  At  S.  Carlos  I  heard  of  great  bones.  A 
little  below  the  mouth  of  the  Carcarana,  the  two  skeletons  of 
Mantodon  were  found ;  on  the  banks  of  this  river,  near  S.  Miguel, 
I  found  teeth  of  the  Mastodon  and  Toxodon;  and  'Falkner* 
(p.  05)  desciibes  the  osseous  armour  of  some  great  animal ;  I  heard 
of  many  oth(*r  bones  in  this  neighbourhood.  I  have  seen,  I  may 
add,  in  the  possession  of  Mr.  Caldcleugh,  the  tooth  of  a  Mastodon 
Andiinn.  said  to  have  bt»en  found  in  Paraguay  ;  I  may  here  also  refer 
to  a  statement  in  this  gentleman's  travels  (vol.  i.  p.  48),  of  a  great 
skeleton  having  been  found  in  the  province  of  Bolivia  in  Brazil,  on 
the  K.  de  las  Contas.  The  farthest  point  westward  in  the  Pampas, 
at  which  I  have  heard  of  fossil  bones,  was  high  up  on  the  banks  of 
the  U.  Quinto. 

In  Eiitie  Rios,  be  lides  the  remains  of  the  Mastodon,  Toxodon, 
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Equua,  and  a  gre«i  Da^vpoid  qoadniped  ne*r  St.  Vi  Ryiu.-t.  I 
KcviTed  ui  ucouDt  o:  bonM  having  Wo  found  m  )hll»  ^K.  iJ 
P.  Gordk  ton  ibe  Paranai.  uid  of  ui  entire  s^el^ion  at  MataniM, 
m  the  Arroro  di^l  Anim^ 

In  Bands  Ori^ci^.  be^dw  tfa«  lymaia?  of  tbe  Tosi.^on,  MtIo- 
don.  and  two  Ekfttlon^  oi  fT««t  animal?  vilh  ck<»>ou$  armour  (di.v 
tinct  from  that  of  the  GlTjitodon),  found  oii  llii!  ArrovM  CNtrauJl* 
and  Iierque]i],  SL  IsaWlie  (■  Vofsp?,'  p,  SJ21  savs,  tnanj  boni'4 
Iu'.«  been  foutid  near  the  K.  Ni^gro,  and  on  thi'  M.  Arapi'V.  an 
affluent  of  Ihe  Ptkraguar,  in  lai.  3U°  4U'  uulh.  I  h<-ard  ol  i>ont« 
near  tbe  (ource  of  tbe  A.  Vivoras.  I  uk  the  rcmniiu  of  a  IWv- 
Kud  quadruiied  from  the  Arrojo  Seco,  ;l>so  to  M.  Video ;  aiid 
M.  d'drbi^v  refi-rs  ('  VoTajre, (SSiilo?." p.  LMl  toanotherlowiidon 
Ihe  Pedemal,  an  afflu<^nt  of  ihe  S(.  Lucia ;  auil  S^.'nor  Al)|;wlis  in 
a  letter,  stnies  that  a  third  skeleton  of  this  famil.v  ha«  boou  found 
ntar  ('anelones.  1  raw  a  tMitb  of  the  Mafiodnn  from  Ta1a», 
another  affluent  of  the  St.  Lueia.  The  most  eutera  ^oint  at 
which  I  heard  of  great  bones  having  been  found,  was  at  6oIia 
Grande^  between  M,  Video  and  Maldtuudo. 
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CHAPTER  XIL 

OSr  THE  OLDEB  TEKTIABT  F0B3fATI033  OF  PATAGOXIA  A5D 

CHILE. 


fmttma^Part  8.  JuliamSawU  Crm^hamUie  Imnnf—P.  Sal/eym 
— Biutem  Herra  tUl  Faeym;  f^^nra  tf  ^rtimet  heeeh-^nef—Sum' 
wutry  <m  the  PcUag0idaM  Urtimrjf  firmatiomt — Terti€try  fcrmati^tu 
t^  ike  WeMtern  Coatt — Chomtn  a  jus  Lhuo^  ijnmjj/Sy  rolcamie  rmekt  n/ 
— Omr,ep4tuni — Sariiad — €cq%\wibo—Sii>mwkary — Age  (if  tJke  Ut» 
iiary  formatitrnM — Linet »/ elecatwm — Silicijfed  wcod — Gmparatire 
raivff^t  eftke  fxtinei  and  lirimg  Jfollusea  on  the  Wes^.  Csatt  tf  S, 
Ameriea — Climate  tf  ike  tertiary  period — On  the  causes  of  tie 
abience  cf  recent  eoneki/eroug  depoaxts  on  the  cooJrtM  of  S.  Awuriea 
— On  the  eentemporaiuous  deposition  ttnd  presertation  qf  aedi- 
wkentary  ftfmuUiunM, 

Rio  Negro. — I  can  add  little  to  the  details  given  by 
M.  d'Orbigny  *  on  the  sandstone  formation  of  this  dis- 
trict. The  cliffs  to  the  south  of  the  river  are  about 
200  feet  in  height,  and  are  composed  of  sandstone  of 
various  tints  and  degrees  of  hardness.  One  layer,  which 
thinned  out  at  both  ends,  consisted  of  earthy  matter,  of 
a  pale  reddish  colour,  with  some  gypsum,  and  very  like 
(I  speak  after  comparison  of  the  specimens  brought 
home)  Pampean  mud :  above  this  was  a  layer  of  compact 
marly  rock  with  dendritic  manganese.  Many  blocks  of 
a  conglomerate  of  pumice-pebblea  embadded  in  hard 
sandstone  were  strewed  at  the  foot  of  the  diff,  and  had 
evidently  fallen  from  above.    A  few  miles  NE,  of  the 
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Ll-TT.  KDc  re  ImJi-  Fp^-^ar  ^nriiT:  *vfc''.iwv?  £T)3#r 
lis  iEinrcec:cH-.  :i  if  s»p«i  io  V  T"t^.xv.->a*  1**  i.iinwsi 
oT  fcrcien  c^nirpartaj  cryaauii.  It:  li?  oV.Si  ».'y:iJi  .if 
riie  tira  dere  is,  aiacv.  M  liio  lajnr  irf  »*»rlT  saTr.ii*T 
Bfcrsj*.  brt  fiaer  crtaAi,  And  »oa  ft^  w)»i»:  it  tvi-«:^»1 
oisDt  havt  beiea  nd^^^ea  for  a  oftj.'«n\'>&s  txitT,  t««4  it 
o^isoiss  no  linw:  jiis  sBbstwic*  piwisc'v  rwi^mWw  * 
most  videlr  exiead^  and  tltick  f>>nnMTi<.ia  in  AwtJtMin 
FaUgonia.  bereafter  to  h?  d^9cnlv«l.  Miil  which  lit  r^ 
nur^ble  for  being  joitisllT  fi^nnotl  iSt  Infn^iri*.  I'l4i<««^ 
beds,  oonjointly  wiih  tbe  conglvtmi'MU'  «(  \mxauy,  xn* 
intra«$ting,  as  showing  the  nature  of  thi>  ViiUnwio  a>^iita 
in  the  Cordillera  during  this  old  t«rliar\'  ]vn<Hl. 

In  a  bed  at  the  base  of  th«  Mutbeni  i-l)(1^.  M.  d'lV 
Ugnv  found  two  extinct  (rosh-wator  shcD^,  iii»n)i>l>r.  k 
tJnio  and  Chillna.  This  bod  rwtotl  o«  oi«>  with  l*nm« 
of  an  extinct  rodent^  namely,  the  M^^tmyn  f^lf.r.^>ttt• 
eiuU;  and  this  aguin  on  anothor  vritli  oxiiiiot  iimriDi* 
shells.  The  species  found  by  M.  d'Orhiguy  in  iIillon>ut 
part«  of  this  formation  consist  of: — 


1.  Ottrea    Patagonica,    dXlrbift. 

'  Vojaj.'e  PbI."  (oIbo  at  SI. 
Ti,  and  whole  cuast  of  Pata- 
gonia). 

2.  Ostrea  Fermrisi,  do. 

S.  Ostrea     Aivareiil,     d'Orblg. 


■ml  ».  Jimff), 

4.  rcctxii  PniiiitoiilPtiilK,  il». 

5.  Vi-iiui>  MunalKfil.tlo,  (alMiDl, 

6.  Amn  Iliin[ilnni1taiiii,  ilii.  (.ilii.) 


According  to  M.  d'Orhigny,  tho  RfinilHt^mo  kxI'IiiiiIm 
westward  along  the  coast  as  far  as  I'ort  H.  AtiUmto,  mi<l 
op  the  Bio  Negro  far  into  tlio  iiit-t^rior:  nnrlhwin'il  I 
traced  it  to  the  southern  aide  of  tho  Kio  Ooloriwln,  wlmrn 
it  forms  a  low  denuded  plain.  This  formHtion,  Lliiiii((h 
eontemporaneoDB  with  that  of  the  reat  of  i'iitag<jiun,  ii 
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quite  different  in  mineralogical  composition,  being  con- 
nected with  it  only  by  the  one  thin  white  layer :  this 
difference  may  be  reasonably  attributed  to  the  sediment 
brought  down  in  ancient  times  by  the  Rio  Negro ;  by 
which  agency,  also,  we  can  understand  the  presence  of 
the  fresh-  water  shells,  and  of  the  bones  of  land  animals. 
Judging  from  the  identity  of  four  of  the  above  shells, 
this  formation  is  contemporaneous  (as  remarked  by 
M.  d'Orbigny)  with  that  under  the  Pampean  deposit  in 
£ntre  Bios  and  in  Banda  Oriental.  The  gravel  capping 
the  sandstone  plain,  with  its  calcareous  cement  and 
nodules  of  gypsum,  is  probably,  from  the  reasons  given 
in  the  eighth  chapter,  contemporaneous  with  the  upper- 
most beds  of  the  Pampean  formation  on  the  upper  plain 
north  of  the  Colorado. 

San  Josef, — My  examination  here  was  very  short: 
the  cliffs  are  about  100  feet  high;  the  lower  third 
consists  of  yellowish-brown,  soft,  slightly  calcareous, 
muddy  sandstone,  parts  of  which  when  struck  emit  a 
fetid  smell.  In  this  bed  the  great  Ostrea  Patagonica^ 
often  marked  with  dendritic  manganese  and  small  coral- 
lines, were  extraordinarily  numerous.  I  found  here  the 
following  shells: — 

1.  Oslrea  Patagonica,  d'Orbig.  *  Voyage  PaL'  (also  at  St.  Ffi  and 

\9hole  coast  of  Patagonia). 

2.  Ostrea  Alvarezii,  d'Orbig.  *  V.  Pal '  (also  St.  F6  and  R.  Negro.) 
8.  Pecten  ParaneDsis,  d'Orbig.  »V.  Pal.*  and  PI.  III.  f.  30  of  this 

work  (also  St.  F6,  S.  Julian,  and  Port  De&ire). 
4.  Pecten  Darwinianus,  d'Orbig.  •  V.  Pal.*  and  PI.  III.  f.  28  and  29 

(also  St.  F6.) 
6.  Petten  actinodos,  G.  B.  Sowerby,  PI.  III.  f.  33. 

6.  Terebratula  Patagonica,  G.  B.  Sowerby,  PI.  IL  1  26  and  27 

(also  S.  Julian;. 

7.  Casts  of  a  Turritella. 

The  four  first  of  these  species  occur  at  St,  F6  in 
Entie  Rios,  and  the  two  first  in  the  sandstone  of  the 
Rio  Negro.     Above  this  fossiliferous  mass,  there  is  a 
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Btistom  of  very  fise-grained,  pale  brown  mndstone, 
inclnding  nameroas  laminte  of  selenite.  All  the  strata 
appear  horizontal,  but  vhea  followed  by  the  eye  for  a 
long  distance,  they  are  seen  to  have  a  small  easterly 
dip.  On  the  surface  we  have  the  porphyritic  gravel, 
and  on  it  sand  with  recent  shells. 

A'u^po  Guif. — From  epecimens  and  notes  given  me 
by  Lieut.  Stokes,  it  appears  that  the  lower  bed  consists 
of  soft  muddy  sandstone,  like  that  of  S.  Josef,  with 
many  imperfect  shells,  inctnding  the  Peclen  Paranen«ii>, 
d'Orbig.,  casts  of  a  Tnrritella  and  Scutella.  On  this 
there  are  two  strata  of  the  pale  brown  mudstone,  also, 
like  that  of  S.  Josef,  separated  by  a  darker  coloured, 
more  argillaceous  variety,  including  the  Ontrea  Pufii' 
gonica.  Prof,  Ehrenberg  has  examined  this  mudstone 
for  me  :  he  finds  in  it  three  already  known  microscopic 
organisms,  enveloped  in  a  fine-grained  pumiceous  tuff, 
which  I  shall  have  immediately  to  describe  in  detail. 
Specimens  brought  to  me  from  the  uppermost  bed, 
north  of  the  RioChupat,  consist  of  this  same  substance, 
but  of  a  whiter  colour. 

Tertiary  strata,  such  as  are  here  described,  appear 
to  extend  along  the  whole  coast  between  the  RioChu))at 
and  Port  Desire,  except  where  interrupted  by  the  under- 
lying claystone  porphyry,  and  by  some  metamorpliic 
rocks ;  these  hard  rocks,  I  may  add,  are  found  at  in- 
tervals over  a  space  of  about  five  degrees  of  latitude, 
from  Point  Union  to  a  point  between  Port  S.  Julian 
and  S.  Cruz,  and  will  be  described  in  the  ensuing  chapter. 
Many  fpgantic  specimens  of  the  Oetrea  Pat<igonica 
were  collected  in  the  Gulf  of  St.  George. 

Port  Desire. — A  good  section  of  the  lowest  fossili- 
ferona  mass,  about  forty  feet  in  thickness,  resting  on 
claystone  porphyry,  is  exhibited  a  few  miles  sonth  of 
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the  harbour.      The  shells    sufficiently  perfect  to  be 
recognised  consist  of: — 

1.  Ostrea  Patagonica,  d*Orbig.  (also  at  St.  F6  and  whole  coast  of 

Patagonia). 

2.  Pecten  Paranensis,  d'Orbig.  *  Voy.  Pal./  and  PL  HI.  f.  30  of  this 

work  (also  at  St.  F6,  S.  Josef,  S.  Julian). 
8.  Pecten  centralis,  O.  B.  Sowerby,  PL  III.  f.  31  (also  S.  Julian 
and  8.  Cruz). 

4.  CuculisBa  alta,  do.,  PI.  II.  f.  22,  23  (also  8.  Cruz). 

5.  Nucula  omata,  do.,  PL  II.  f.  19. 

6.  Turritella  Patagonica,  do.,  PL  III.  f.  48. 

The  fossiliferous  strata,  where  not  denuded,  are 
conformably  covered  by  a  considerable  thickness  of  the 
fine-grained  pumiceous  mudstone,  divided  into  two 
masses :  the  lower  half  is  very  fine-grained,  slightly 
unctuous,  and  so  compact  as  to  break  with  a  semi- 
conchoidal  fracture,  though  yielding  to  the  nail ;  it 
includes  laminae  of  selenite :  the  upper  half  precisely 
resembles  the  one  layer  at  the  Rio  Negro,  and,  with  the 
exception  of  beiug  whiter,  the  upper  beds  at  San  Josef 
and  Nuevo  Gulf.  In  neither  mass  is  there  any  tx&ci^  to 
the  naked  eye  of  organic  forms.  Taking  the  entire 
deposit,  it  is  generally  quite  white,  or  yellowish,  or 
feebly  tinted  with  green;  it  is  either  almost  fiiable 
under  the  finger,  or  as  hard  as  chalk ;  it  is  of  easy 
fusibility,  of  little  specific  gravity,  is  not  harsh  to  the 
touc^j^ftdheres  to  the  tongue,  and  when  breathed  on 
exhales  a  strong  aluminous  odour;  it  sometimes  con- 
tains a  very  little  calcareous  matter,  and  traces  (besides 
the  included  laminae)  of  gypsum.  Under  the  microscope, 
according  to  Prof.  Ehrenberg,*  it  consists  of  minute, 
triturated,  cellular,  glassy  fragments  of  pumice,  with 
some  broken  crystals.  In  the  minute  glassy  fragments. 
Prof.  Ehrenberg  recognises  organic  structures,  which 
have  been  afiected  by  volcanic  heat :  in  the  specimens 
from  this  place,  and  from  Port  S.  Julian,  he  finds  six- 

>  *Monatsbenchten  der  konig.  Akad.  zu  Berlin  vom  April,  1846.' 
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teen  Polvgastrica  aud  twelve  Phytolitharia.  Of  these 
organisms,  seven  are  new  forms,  the  others  being  pre- 
viously known :  all  are  of  marine,  and  chiefly  of  oceanic, 
origin.  This  deposit  to  the  naked  eye  rept^mbles  the 
crust  which  often  apjiears  on  weathered  surfaces  of 
feldspathic  rocks ;  it  likewise  resembles  those  beds  of 
earthy  feldspathic  matter,  sometimes  int«rstratified  with 
porphyritic  rocka,  ae  is  the  case  in  this  very  district 
with  the  underlying  pnrple  claystone  porphyry.  From 
examining  specimens  under  a  common  microscope,  and 
comparing  them  with  other  specimens  undoubtedly  of 
volcanic  origin,  I  had  come  to  the  same  conclusion  with 
Prof.  Ehrenberg,  namely,  that  this  great  deposit,  in  its 
first  origin,  is  of  volcanic  nature. 

Vvrt  S.  Julian. — On  the  south  side  of  the  harbour, 
the  following  section,  which  I  here  repeat,  gives  the 
nature  of  the  beds  seen  in  the  cliffs  of  the  ninety  feet 


plain.  Beginning  at  the  top, — 1st,  the  earthy  mass 
(A  A),  including  tlie  remains  of  the  Macrauchenia,  with 
recent  shells  on  the  surface ;  2iid,  the  porphyritic 
shingle  (B),  which  in  its  lower  part  is  interst  rati  tied 
(owing,  I  believe,  to  redepoaition  during  denudation) 
with  the  white  pumiceous  mudstone;  3rd,  this  white 
mndstone,  about  twenty  feet  in  thickness,  and  divided 
into  two  varieties  (C  and  D),  both  closely  resembling 
the  lower,  fine-grained,  more  unctuous  and  compact 
kind  at  Port  Desire ;  and,  as  at  that  place,  including 
much  selenite:  4th,  a  fossiliferouB  mass,  divided  into 
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three  main  beds,  of  which  the  uppermost  is  thin,  and 
consists  of  ferruginous  sandstone,  with  many  shells  of 
the  great  oyster  and  Pecten  Paranensis ;  the  middle 
bed  (E)  is  a  yellowish  earthy  sandstone  abounding  with 
Scutellse;  and  the  lowest  bed  (F)  is  an  indurateci, 
greenish,  sandy  clay,  including  large  concretions  of 
calcareous  sandstone,  maoy  shells  of  the  great  oyster, 
and  in  parts  almost  made  up  of  fragments  of  Balanidae. 
Out  of  these  three  beds,  I  procured  the  following  twelve 
species,  of  which  the  two  first  were  exceedingly  numerous 
in  individuals,  as  were  the  TerebratulsB  and  Turritellad 
in  certain  layers : — 

1.  Ostrea  Patagonica,  d'Orb.  'Voyage  PaL*  (also  at  St.  F6  and 

whole  coast  of  Patagonia). 

2.  Pecten  Paranensis,  d'Orbig.  do.,  and  PI.  III.  f.  30  of  this  work 

(St.  Fu,  S.  Josef,  Port  Desire). 
8.  Pecten  centralis,  G.  B.  Sowerby,  PL  III.  f.  31  (also  P.  Desire 

and  8.  Cruz). 
4.  Pecten  geminatns,  do.,  PI.  II.  f.  24. 
6.  Tcrebratula  Patagonica,  do.,  PL  II.  f.  26  and  27  (also  8.  Josef). 

6.  IStruthiolaria  ornata,  do.,  PL  IV.  f.  62  (also  8.  Cmz), 

7.  Fnsus  Patagonicus,  do.,  PL  IV.  f.  60. 

8.  Fusus  Noachinns,  do.,  PL  IV.  f.  68  and  59. 

9.  Scalaria  rugnlosa,  do.,  PL  III.  f.  42  and  43. 

10.  Turritella  ambulacram,  do.,  PL  III.  f.  49  (also  8.  Cmz). 

11.  Pyrula,  cast  of,  like  P.  ventricosa  of  Sowerby,  Tank  Cat^ 

12.  Balanus  varians,  Q.  B.  Sowerby,  PL  II.  f.  4.  5,  6. 

13.  Scutella,  difEering  from  the  species  from  Nacvo  Qulf. 

At  the  head  of  the  inner  harbour  of  Poi*t  S.  Julian, 
the  fossiliferous  mass  is  not  displayed,  and  the  sea-cliffs 
from  the  water's  edge  to  a  height  of  between  100  and 
200  feet  are  formed  of  the  white  pumiceous  mndstone, 
which  here  includes  innumerable,  far-extended,  some- 
times horizontal,  sometimes  inclined  or  vertical  laminaB 
of  transparent  gypsum,  often  about  an  inch  in  thick- 
ness. Further  inland,  with  the  exception  of  the 
superficial  gravel,  the  whole  thickness  of  the  truncated 
hills,  which  represent  a  formerly  continuous  plain  950 
feet  in  height,  appears  to  be  formed  of  this  white  mud« 
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stone :  here  and  there,  however,  at  varioas  heights,  thin 
earthy  layers,  containing  the  great  oyster,  Pecien  Para» 
nensis  and  Turriiella  ambulacrum^  are  interstratified ; 
tiins  showing  that  the  whole  mass  belongs  to  the  same 
epoch.  I  nowhere  found  even  a  fragment  of  a  shell 
actnally  in  the  white  deposit,  and  only  a  single  cast  of 
a  Turritella.  Out  of  the  eighteen  microscopic  organisms 
discovered  by  Ehrenberg  in  the  specimens  from  this 
place,  ten  are  common  to  the  same  deposit  at  Port 
Desire.  I  may  add  that  specimens  of  this  white  mud- 
stone,  with  the  same  identical  characters,  were  brought 
me  from  two  points, — one  twenty  miles  north  of  S. 
Julian,  where  a  wide  gravel-capped  plain,  850  feet  in 
height,  is  thus  composed;  and  the  other  forty  miles 
south  of  S.  Julian,  where,  on  the  old  charts,  the  clLBs 
are  marked  as  '  Chalk  Hills' 

Santa  Cruz. — The  gravel-capped  cliffs  at  the  mouth 
of  the  river  are  355  feet  in  height :  the  lower  part,  to 
a  thickness  of  fifty  or  sixty  feet,  consists  of  a  more  or 
less  hardened,  darkish,  muddy,  or  argillaceous  sandstone 
(like  the  lowest  bed  of  Port  Desire),  containing  very 
many  shells,  some  silicified  and  some  converted  into 
yellow  calcareous  spar.  The  great  oyster  is  here 
numerous  in  layers;  the  Trigonocelia  and  Turritella 
are  also  very  numerous:  it  is  remarkable  that  the 
Pecten  Pa/ranensis^  so  common  in  all  other  parts  of 
the  coast,  is  here  absent:  the  shells  coDsist  of: — 

1.  Ostrea  Patagonica,  d'Orbig.  « Voyage  Pal.*  (also  at  St.  F6  and 

whole  coast  of  Patagonia). 

2.  Pecten  centralis,  Q.  B.  Sowcrby,  PI.  III.  f .  31  (also  P.  Desire 

and  S.  Julian). 

3.  Yenns  meridionalis  of  G.  B.  Sowerby,  PI.  II.  f.  13* 

4.  Crassatella  Lyellii,  do.  PL  II.  f.  10. 
6.  Cardiam  palcbcllum,  do.  PI.  II.  f.  15. 

6.  Cardita  Patagonica.  do.  PI.  II.  f.  17. 

7.  Mactra  rngata,  do.  PI.  II.  f.  8. 

8.  Mactra  Darwinii,  do.  PI.  II.  f .  9. 

9.  CncullaBa  alta,  do.  PI.  II.  f .  22,  23  (also  P.  Desire). 
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10.  TrigODOcelia  insclira,  do.  PI.  II.  1  20,  21. 

11.  Nucula  C)  glabra,  do.  PI.  11.  f.  IS. 

12.  Crepidala  g-re^aria,  do.  PI  III.  f.  34. 

13.  Volata  altal  do.  PL  IV.  f.  75. 

14    Troohus  coi:ari«,  do.  PI-  III.  f.  44.  45. 

15.  Xatira  solida  (0,  do.  PI.  III.  f.  40,  41. 

16.  Strathiolaria  ornata,  do.  Pi.  IV.  f.  62  (also  P.  Desire). 

17.  Tarritella  ambolacram,  do.  PL  III.  f.  49  (also  P.  :>.  Julian). 
Imperfect  fra^inema  of  the  genera  Brssoarca,  Artemis,  and  Fnsos. 

The  upper  part  of  the  cliff  is  generally  di\ided  into 
three  great  strata,  differing  slightly  in  composition,  but 
essentially  resembling  the  pnmiceons  mudstone  of  the 
places  farther  north ;  the  deposit,  however,  here  is  more 
arenaceous,  of  greater  specific  gravity,  and  not  so  white : 
it  is  interlaced  with  numerous  thin  veins,  partially  or 
quite  filled  with  transverse  fibres  of  gypsum :  these  fibres 
were  too  short  to  reach  across  the  vein,  have  their  extre- 
mities cur\'ed  or  bent :  in  the  same  veins  with  the  gyp- 
sum, and  likewise  in  separate  veins  as  well  as  in  little 
nests,  there  is  much  powdery  sulphate  of  magnesia  (as 
ascertained  by  Mr.  Reeks)  in  an  uncompressed  form :  I 
believe  that  this  salt  has  not  heretofore  been  found  in 
veins.  Of  the  three  beds,  the  central  one  is  the  most  com- 
pact, and  more  like  ordinary  sandstone :  it  includes  nu- 
merous flattened  spherical  concretions,  often  united  like 
a  necklace,  composed  of  hard  calcareous  sandstone,  con- 
taining a  few  shells :  some  of  these  concretions  were 
four  feet  in  diameter,  and  in  a  horizontal  line  nine  feet 
apart,  showing  that  the  calcareous  matter  must  have 
been  drawn  to  the  centres  of  attraction  from  a  distance 
of  four  feet  and  a  half  on  both  sides.  In  the  upper  and 
lower  finer-grained  strata,  there  were  other  concretions 
of  a  grey  colour,  containing  calcareous  matter,  and  so 
fine-grained  and  compact  as  almost  to  resemble  por- 
celain-rock: I  have  seen  exactly  similar  concretions  in 
a  volcanic  tufaceous  bed  in  Chiloe.  Although  in  this 
upper  fine-grained  strata,  organic  remains  were  very 
rare,  yet  I  noticed  a  few  of  the  great  oyster;  and  in 
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one  included  soft  ferrDginoDS  layer,  there  were  some  speci- 
mens of  the  CucuUint  alia  (found  at  Port  Desire  in  the 
lower  fosailiferous  mass)  and  of  the  Macfni  ruij-it'i,  irhii-h 
latter  shell  has  been  partially  converted  into  gypsuui. 

In  ascending  the  valley  of  the  S.  Cruz,  the  upper 
Btrata  of  the  coast-clifta  are  prolonged,  with  nearly  the 
eame  characters,  for  fifty  miles :  at  about  this  point, 
they  begin  in  the  most  gradual  and  scarcely  perceptible 
manner,  to  be  banded  with  white  lines ;  and  after  as- 
cending ten  miles  farther,  we  meet  with  distinct  thin 
layers  of  whitish,  greenish,  and  yellowish  fine-grained, 
fusible  sediments.  At  eighty  miles  from  the  coast,'  in 
a  cliff  thus  composed,  there  were  a  few  layers  of  ferru- 
ginons  sandstone,  and  of  an  argillaceoDB  sandstone  with 


Binr  of  S.  Cna ;  here  >M  ft.  ibon  as. 

d.  Onrrl  nnil  bouMen.  A.  Bii.<ntllc  tan. 

t  SeOlimulM)'  l"r«t  *  Bed  of  swIL  pehblM.  t.  T^m. 

concretions  of  marl  like  those  in  the  Pampas.     At  100 

miles  from  the  coast,  that  is  at  a  central  point  between 

'  At  this  ipot,  for  a  Hpace  of  three. qnartcTs  of  n  niitr  iilime  tho 

DOith  side  of  tiie  rivei',  auid  for  a  width  ot  ball  a  mile,  tlusru  liaii  been 
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the  Atlantic  and  the  Cordillera,  we  have  the  preceding 
section. 

The  npper  half  of  the  sedimentary  mass,  nnder  the 
basaltic  lava,  consists  of  innnmerable  zones  of  perfectly 
white,  bright  green,  yellowish  and  brownish,  fine-grained, 
sometimes  incoherent,  sedimentary  matter.  The  white, 
pnmiceons,  trachytic  tnff-like  varieties  are  of  rather 
greater  specific  gravity  than  the  pnmiceons  mndstone 
on  the  coast  to  the  north  :  some  of  the  layers,  especially 
the  browner  ones,  are  coarser,  so  that  the  broken  crys- 
tals are  distinguishable  with  a  weak  lens.  The  layers 
vary  in  character  in  short  distances.  With  the  excep- 
tion of  a  few  of  the  Ostrea  Patagonica,  which  appeared 
to  have  rolled  down  from  the  cliff  above,  no  organic 
remains  were  found.  The  chief  difference  between 
these  layers  taken  as  a  whole,  and  the  upper  beds  both 
at  the  mouth  of  the  river  and  on  the  coast  northward, 
seems  to  lie  in  the  occasional  presence  of  more  colouring 
matter,  and  in  the  supply  having  been  intermittent: 
these  characters,  as  we  have  seen,  very  gradually  dis- 
appear in  descending  the  valley,  and  this  fact  may 
perhaps  be  accounted  for  by  the  currents  of  a  more 
open  sea  having  blended  together  the  sediment  from  a 
distant  and  intermittent  source. 

The  coloured  layers  in  the  foregoing  section  rest  on 
a  mass,  apparently  of  great  thickness  (but  much  hidden 
by  the  talus),  of  soft  sandstone,  almost  composed  of 
minute  pebbles,  from  one-tenth  to  two-tenths  of  an 
inch  in  diameter,  of  the  rocks  (with  the  entire  exception 

a  f^cat  slip,  which  has  formed  hills  between  GO  and  70  feet  in  height, 
and  has  tilted  the  strata  into  highly  inclined  and  even  verticalposi* 
tions.  The  strata  generally  dipped  at  an  angle  of  46°  towards  the 
cliff  from  which  they  had  slided.  I  have  oliServed  in  slips,  both  on 
a  small  and  large  scale,  that  this  inward  dip  is  very  general.  Is  it 
due  to  the  hydrostatic  pressure  of  water  percolating  with  difficulty 
through  the  strata  acting  with  greater  force  at  the  base  of  the 
mass  than  against  the  upper  part  7 


—  ^^ 
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of  the  basaltic  lava)  composing  the  great  boulders  on 
the  surface  of  the  plain,  and  probably  composing  the 
neighbouring  Cordillera.  Five  miles  higher  up  the 
valley,  and  again  thirty  miles  higher  up,^  (that  is  twenty 
miles  from  the  nearest  range  of  the  Cordillera)  the  lower 
plain  included  within  the  upper  escarpments  is  formed, 
as  seen  on  the  banks  of  the  river,  of  a  nearly  similar 
but  finer-grained,  more  earthy,  laminated  sandstone, 
alternating  with  argillaceous  beds,  and  containing  nu- 
merous moderately  sized  pebbles  of  the  same  rocks,  and 
some  shells  of  the  great  Ostrea  Patagonica.  As  most 
of  these  shells  had  been  rolled  before  being  here  em- 
bedded, their  presence  does  not  prove  that  the  sand- 
stone belongs  to  the  great  Patagonian  tertiary  formation, 
for  they  might  have  been  redeposited  in  it  when  the 
valley  existed  as  a  sea-strait;  but  as  amongst  the 
pebbles  there  were  none  of  basalt,  although  the  cliffs  on 
both  sides  of  the  valley  are  composed  of  this  rock,  I 
believe  that  the  sandstone  does  belong  to  this  formation. 
At  the  highest  point  to  which  we  ascended,  twenty 
miles  distant  from  the  nearest  slope  of  the  Cordillera,  I 
could  see  the  horizontally  zoned  white  beds,  stretching 
under  the  black  basaltic  lava,  close  up  to  the  mountains ; 
BO  that  the  valley  of  the  S.  Cruz  gives  a  fair  idea  of  the 
constitution  of  the  whole  width  of  Patagonia. 

Basaltic  Lava  of  the  S.  Cruz. — This  formation  is 
first  met  with  sixty-seven  miles  from  the  mouth  of  the 
river ;  thence  it  extends  uninterruptedly,  generally  but 
not  exclusively  on  the  northern  side  of  the  valley,  close 
up  to  the  Cordillera.  The  basalt  is  generally  black 
and  fine-grained,  but  sometimes  gray  and  laminated ; 
it  contains  some  olivine,  and  high  up  the  valley  much 

*  I  found  at  both  places,  bat  not  in  situ,  qnantities  of  coniferous 
and  ordinary  dicotyledonoiu  silicified  wood,  which  was  examined 
for  me  by  Mr.  R.  Brown. 
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glassy  feldspar,  wbere,  also,  it  is  often  amygdaloidal ; 
it  is  never  highly  vesicular,  except  on  the  aides  of  rents 
and  on  the  npper  and  lower,  spherically  laminated  sor* 
faces.  It  is  often  colamnar ;  and  in  one  place  I  saw 
magnificent  columns,  each  face  twelve  feet  in  width, 
with  their  interstices  filled  up  with  calcareons  tnff. 
The  streams  rest  conformably  on  the  white  sedimentary 
beds,  but  I  nowhere  saw  the  actual  junction  ;  nor  did  I 
anywhere  see  the  white  beds  actoally  superimposed  on 
the  lava ;  bnt  some  way  up  the  valley,  at  the  foot  of 
the  uppermost  escarpments,  they  mnst  be  thus  super- 
imposed. Moreover,  at  the  lowest  point  down  the 
valley,  where  the  streams  thin  out  and  terminate  in 
irregular  projections,  the  spaces  or  intervals  between 
these  projections  are  filled  up  to  the  level  of  the  now 
denuded  and  gravel-capped  surfaces  of  the  plains,  with 
the  white-zoned  sedimentary  beds ;  proving  that  this 
matter  continued  to  be  deposited  after  the  streams  had 
flowed.  Hence  we  may  conclude  that  the  basalt  ia 
contemporaneous  with  the  upper  parts  of  the  great 
tertiary  formation. 

The  lava  whore  first  met  with  is  130  feet  in  thick- 
ness :  it  there  consists  of  two,  three,  or  perhaps  more 
streams,  divided  from  each  other  by  vesicular  spheroids, 
like  those  on  the  surface.  From  the  streams  having, 
as  it  appears,  extended  to  different  distances,  the  terminal 
points  are  of  unequal  heights.  Generally  the  surface 
of  the  basalt  is  smooth ;  but  in  one  pnrt  high  up  the 
valley  it  was  so  uneven  and  hommocky,  that  untU  I 
afterwards  saw  the  streams  extending  continuously  on 
both  sidts  of  the  valley  up  to  a  height  of  about  3,600 
feet  close  to  the  Cordillera,  I  thought  that  the  craters  of 
eruption  were  probably  close  at  hand.  Thishummocky 
surface  I  believe  to  have  been  caused  by  the  crossing 
uid   heaping  up  of  diCTerent  streams.     In  one  place, 


Santa  Cruz.  383 


there  were  several  ronnded  ridges  about  twenty  feet  in 
height,  eoiue  of  them  as  broad  as  high,  and  some  broader, 
which  certainly  had  been  formed  whilst  the  lava  was 
fluid,  for  in  transverse  sections  each  ridge  was  seen  to 
be  concentrically  laminated,  and  to  be  composed  of  im- 
perfect columns  radiating  from  common  centres,  like 
the  spokes  of  wheels. 

The  basaltic  mass  where  first  met  with  ie,  as  I  have 
8^d,  130  feet  in  thickness,  and,  thirty-five  miles  higher 
up  the  valley,  it  increases  to  322  feet.  In  the  first 
fourteen  and  a  half  miles  of  this  distance,  the  upper 
surface  of  the  lava,  judging  from  three  meaanremeuta 
taken  above  the  level  of  the  river  (of  which  the  appa- 
rently very  uniform  inclination  has  been  calculated 
from  its  total  height  at  a  point  135  miles  from  the 
mouth)  slopes  towards  the  Atlantic  at  an  angle  of  only 
Qo  jf  20" :  this  must  be  considered  only  as  an  approxi- 
mate measurement,  but  it  cannot  be  far  wrong.  Taking 
the  whole  thirty-five  miles,  the  upper  surface  slopes  at 
an  angle  of  0°  10'  53"  ;  but  this  fesult  is  of  no  value  in 
showing  the  inclination  of  any  one  stream,  for  half-way 
between  the  two  points  of  measurement,  the  surface 
suddenly  rises  between  100  and  200  feet,  apparently 
caused  by  some  of  the  uppermost  streams  having 
extended  thus  far  and  no  farther.  From  the  measure- 
ments made  at  these  two  points,  thirty-five  miles  apart, 
the  mean  inclination  of  the  sedimentary  beds,  over 
which  the  lava  has  flowed,  is  now  (after  elevation  from 
under  the  sea)  only  0°  7'  52" :  for  the  sake  of  compari- 
son, it  may  be  mentioned  that  the  bottom  of  the  present 
sea  in  a  line  from  the  mouth  of  the  S.  Cruz  to  the 
Falkland  Islands,  from  a  depth  of  seventeen  fathoms  to 
a  depth  of  eighty-five  fathoms,  declines  at  an  angle  of 
0°  1'  22" ;  between  the  beach  and  the  depth  of  seven- 
teen fathoms,  the  slope  is  greater.     From  a  point  about 
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balf-way  up  the  valley,  the  basaltic  mass  rises  more 
abrnptly  towards  the  foot  of  the  Cordillera,  namely, 
from  a  height  of  1,204  feet,  to  about  3,000  feet  above 
the  sea. 

Thisgreatdelugeof  lava  is  worthy,  in  its  dimensioDB, 
of  the  great  continent  to  which  it  belongs.  The  aggre- 
gate streams  have  flowed  from  the  Cordillera  to  a  dis- 
tance (unparalleled,  I  believe,  in  any  case  yet  known) 
of  about  100  geographical  miles.  Near  their  furthest 
extremity  their  total  thickness  is  130  feet,  which  increase 
thirty-five  miles  farther  inland,  as  we  have  jnst  seen, 
to  322  feet.  The  least  inclination  given  by  M.  £.  de 
Beaomont  of  the  upper  surface  of  a  lava  stream,  namely, 
0°  30',  is  that  of  the  great  subaiirial  emption  in  1783 
from  Skaptar  Jukul  in  Iceland  ;  and  il.  E.  de  Beaumont 
shows'  that  it  must  have  flowed  down  a  mean  inclination 
of  less  than  0°  20'.  But  we  now  see  that  under  the 
pressure  of  the  sea  successive  streams  have  flowed  over 
a  smooth  bottom  with  a  mean  inclination  not  more 
than  0°  7'  52" ;  and  that  the  upper  surface  of  the 
terminal  portion  (over  a  apace  of  fourteen  and  a  half 
miles)  has  an  inclination  of  not  more  than  0°  7'  20". 
If  the  elevation  of  Patagonia  has  been  greater  nearer 
the  Cordillera  than  near  the  Atlantic  (as  is  probable), 
then  these  angles  are  now  all  too  large.  I  must  repeat, 
that  although  the  foregoing  measurements,  which  were 
all  carefully  taken  with  the  barometer,  may  not  be 
absolutely  correct,  they  cannot  be  widely  erroneous. 

Southward  of  the  S.  Cruz,  the  cliffs  of  the  840  feet 
plain  extend  to  Coy  Inlet,  and,  owing  to  the  naked 
patches  of  the  white  sediment,  they  are  said  on  the 
charts  to  be  '  like  the  coast  of  Kent.'  At  Coy  Inlet 
the  high  plain  trends  inland,  leaving  flat-topped  outliers. 
At  Port  Gallegoa  (lat.  51°  35',  and  ninety  miles  sontb 
■  >  Utooiree  pour  ■'^rrir,'  ke^  pp.  ITS  and  ZIT. 
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of  S.  Cmz),  I  am  informed  by  Captain  Salivan,  B.N., 
that  there  is  a  gravel-capped  plain  from  200  to  300  feet 
in  height,  formed  of  numerons  atrata,  some  fine-grained 
and  pale-coloured,  like  the  upper  bods  at  the  mouth  of 
the  S.  Cruz,  others  rather  darker  and  coarser,  so  as  to 
resemble  gritstones  or  tuffs ;  these  latter  include  rather 
large  fragments  of  apparently  decomposed  volcanic 
rocks ;  there  are,  also,  included  layers  of  gravel.  This 
formation  is  highly  remarkable,  from  abonndtng  with 
mammiferouB  remains,  which  have  not  as  yet  been 
examined  by  Professor  Owen,  but  which  include  some 
large,  but  mostly  small,  species  of  Pachydermatn, 
Edentata,  and  Bodentia.  From  the  appearance  of  the 
pale-coloured,  fine-grained  beds,  I  was  inclined  to 
believe  that  they  corresponded  with  the  upper  beds  of 
the  S,  Croz;  but  Professor  Ehrenberg,  who  has  examined 
some  of  the  specimens,  informs  me  that  the  included 
microscopical  organisms  are  wholly  different,  being 
fresh  and  brackish  water  forms.  Hence  the  200  to 
300  feet  plain  at  Fort  Gallegos  is  of  unknown  age,  but 
probably  of  subsequent  origin  to  the  great  Patagonian 
tertiary  formation. 

Eastern  Tierra  del  Fuego. — Judging  from  the 
height,  the  general  appearance,  and  the  white  colour 
of  the  patches  vislbU  on  the  hill  sides,  the  uppermost 
plain,  both  on  the  north  and  western  side  of  the  Strait 
of  Magellan,  and  along  the  eastern  coast  of  Tierra  del 
Fuego  as  far  south  as  near  Port  St.  Polycarp,  probably 
belongs  to  the  great  Patagonian  tertiary  formation. 
These  higher  table-ranges  are  fringed  by  low,  irregular, 
extensive  plains,  belonging  to  the  boulder  formation,'' 
and  composed  of  coarse  unstratified  masses,  sometimes 
associated  (as  north  of  C.  Virgin's)  with  fine,  laminated, 
muddy  sandstones.      The  cliffs  in  Sebastian  Bay  are 
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200  feet  in  height,  and  are  composed  of  fine  sandstones, 
often  in  cumlinear  layers,  including  hard  concretions 
of  calcareous  sandstone,  and  layers  of  gravel.  In  these 
beds  there  are  fragments  of  wood,  legs  of  crabs,  barnacles 
encrusted  with  corallines  still  partially  retaining  their 
colour,  imperfect  fragments  of  a  Pholas  distinct  from 
any  known  species,  and  of  a  Venus,  approaching  very 
closely  to,  but  slightly  different  in  form  from,  the 
F.  lentiddwris,  a  species  living  on  the  coast  of  Chile. 
Jjeaves  of  trees  are  numerous  between  the  laminsB  of 
the  muddy  sandstone ;  they  belong,  as  I  am  informed 
by  Dr.  J.  D.  Hooker,*  to  three  species  of  deciduous 
beech,  different  from  the  two  species  which  compose 
the  great  proportion  of  trees  in  this  forest-clad  land. 
From  these  facts  it  is  diflScult  to  conjecture,  whether 
we  here  see  the  basal  part  of  the  great  Patagonian 
formation,  or  some  later  deposit. 

Summary  on  the  Patagonmn  Tertmry  Formaium, 
— Four  out  of  the  seven  fossil  shells,  from  St.  F6  in 
Entre  Rios,  were  found  by  IM.  d'Orbigny  in  the  sand- 
stone of  the  Rio  Negro,  and  by  me  at  San  Josef.  Three 
out  of  the  six  from  San  Josef  are  identical  with  those 
from  Port  Desire  and  S.  Julian,  which  two  places  have 
together  fifteen  species,  out  of  which  three  are  common 
to  both.  Santa  Cruz  has  seventeen  species,  out  of 
which  five  are  common  to  Port  Desire  and  S.  Julian, 
Considering  the  difference  in  latitude  between  these 
several  places,  and  the  small  number  of  species  altogether 
collected,  namely  thirty-six,  I  conceive  the  above  pro- 
portional number  of  species  in  common,  is  sufficient  to 
show  that  the  lower  fossiliferous  mass  belongs  nearly, 
I  do  not  say  absolutely,  to  the  same  epoch.  What  this 
epoch  may  be,  compared  with  the  European  tertiary 
stages,  M.  d'Orbigny  will  not  pretend  to  detennine. 

■  *  Botany  of  the  Antarctic  Voyage,*  p.  218. 
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The  thirty-sii  species  (including  those  collected  by 
myself  and  by  M.  d'Orbigny)  are  all  extinct,  or  at  least 
nnknown;  but  it  shoald  be  borne  in  miDd,  that  the 
present  coast  consists  of  shingle,  and  that  no  one,  I 
believe,  haa  dredged  here  for  shells;  hence  it  is  not 
improbable  that  some  of  the  species  may  hereafter  be 
fonnd  living.  Some  few  of  the  species  are  closely  related 
with  existing  ones  ;  this  is  especially  the  case,  according 
to  M.  d'Orbigny  and  Mr.  Sowerhy,  with  the  Fusut 
Pata^onicvs  ;  and,  according  to  Mr.  Sowerby,  with 
the  Pyrula,  the  Venus  meridicmaiis,  the  Crepdula 
gregarui,  and  the  Turrilella  ambulacrum,  and  T. 
Patagonica.  At  least  three  of  the  genera,  namely, 
Cncollfea,  Crassatella,  and  (as  determined  by  Mr. 
Sowerby)  Struthiolaria,  are  not  found  in  this  quarter 
of  the  world  ;  and  Trigonocelia  is  extinct.  The  evidence 
taken  altogether  indicates  that  this  great  tertiary 
formation  is  of  considerable  antiqnity  [  but  when  treat- 
ing  of  the  Chilian  beds,  I  shall  havd  to  refer  ^ain  to 
tills  snbject. 

The  white  pnmiceous  mndstone,  with  its  abandant 
gypsnm,  belongs  to  the  same  general  epoch  with  the 
underlying  fossiliferons  mass,  as  may  be  inferred  from 
the  shells  included  in  the  intercalated  layers  at  Neavo 
Gulf,  S.  Julian,  and  S.  Cruz.  Out  of  the  twenty-seven 
marine  microBCOpic  strnctures  fonnd  by  Prof.  Ehrenbet^ 
in  the  specimens  from  S.  Jnlian  and  Fort  Desire,  ten 
are  common  to  these  two  places:  the  three  found  at 
Nenvo  Gulf  are  distinct.  I  have  minutely  described 
this  depoait,  from  its  remarkable  characters  and  its 
wide  extension.  From  Coy  Inlet  to  Port  Desire,  a  dis- 
tance of  230  miles,  it  is  certainly  continaons;  and  I 
have  reason  to  believe  that  it  likewise  extends  to  the 
Bio  Chupat,  Neuvo  Gulf  and  San  Josef,  a  distance  of 
570  miles :  we  have,  also,  seen  that  a  single  layer  occnra 
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at  the  Bio  Negro.  At  Port  S.  JaliaE  it  is  from  800  to 
900  feet  in  thickness ;  aod  at  S.  Cruz  it  extends,  with 
a  slightly  altered  character,  np  to  the  Cordillera.  From 
its  microscopic  structure,  and  from  its  analt^y  with 
other  fonnations  in  volcanic  districts,  it  must  be  con- 
sidered as  origiiinlly  of  7olcanic  origin:  it  may  hare 
been  formed  by  the  long- con  tinned  attrition  of  raat 
qaantities  of  pumice,  or,  judging  from  the  manner  in 
which  the  ma.ss  becomes,  in  ascending  the  valley  of  S. 
Cruz,  divided  into  variously  coloured  layers,  from  the 
long-continued  eruption  of  cloada  of  fine  ashes.  In 
either  case,  we  must  conclude,  that  the  aoutliern  volcanic 
orifices  of  the  Cordillera,  now  in  a  dormant  state,  were 
at  about  this  period  over  a  wide  space,  and  for  a  great 
length  of  time,  in  action.  We  have  evidence  of  this 
fact,  in  tlie  latitude  of  the  Eio  Negro  in  the  sandstone- 
couglornerate  with  pumice,  and  demonstrative  proof  of 
it,  at  S.  Cruz,  iu  the  vast  deluges  of  basaltic  lava :  at 
this  same  tertiary  period,  kLso,  tiicre  is  distinct  evidence 
of  volcanic  action  in  We.sti.-rn  Banda  Orient.al. 

The  Patairoiiian  tertiary  fomtiition  extends  continu- 
ously, judgiog  from  fossils  alono,  from  S.  Cruz  to 
near  the  Itio  Colorado,  a  distance  of  above  COO  miles, 
and  reajipi'nr.'j  overawide  areain  Entre  Riosand  Banda 
Oriental,  making  a  total  distance  of  1,100  miles;  but 
tliis  formation  undoubtedly  extends  (ihough  no  fossils 
were  collect^^d)  far  south  of  the  S.  Cruz,  and,  accord- 
ing to  JI.  d'Orbijrny,  120  miles  north  of  St.  F6.  At 
S.  Cru7.  we  havo  svcn  tliat  it  extends  across  the  con- 
tinent ;  Iji'ing  on  the  coast  about  800  feet  in  thickness 
(and  rather  more  at  S.  Julian),  and  rising  with  the 
cont-emporancous  lava-streams  to  a  height  of  abont 
3,000  f.ct  at  the  base  of  the  Cordillera.  It  rests, 
wherever  any  underlying  formation  can  be  seen,  on 
plutonic  and  metamorphic  rocks.     Including  the  newer 
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Pampean  deposit,  and  those  strata  in  eastern  Tierra  del 
Faego  of  doabtfal  age,  as  well  as  the  boulder  formation, 
we  have  a  line  of  more  than  twenty-seven  degrees  of 
latitude,  equal  to  that  from  the  Straits  of  Gibraltar  to 
the  south  of  Iceland,  continuously  composed  of  tertiary 
formations.  Throughout  this  great  space  the  land  has 
been  upraised,  without  the  strata  having  been  in  a 
single  instance,  as  far  as  my  means  of  observation  went, 
unequally  tilted  or  dislocated  by  a  fault. 


Tefrivary  Formations  on  the  West  OoasU 

Chonos  Archipelago. — ^The  numerous  islands  of  this 
group,  with  4he  exception  of  Lemus,  Tpun,  consist 
of  metaraorphic  schists ;  these  two  islands  are  formed  of 
Boftish  grey  and  brown,  fusible,  often  laminated  sand- 
stones, containing  a  few  pebbles,  fragments  of  black 
lignite,  and  numerous  mammillated  concretions  of  hard 
calcareous  sandstone.  Out  of  these  concretions  at  Tpun 
(lat.  40°  30'  S.),  I  extracted  the  four  following  extinct 
species  of  shells  : — 

1.  Tumtella  suturalis,  G.  B.  Rowerby,  PL  111.  f.  60  (also  Navidad). 

2.  feigarctus  subglobos-s,  do.  PI.  III.  f.  36,  37.  (do.) 

3.  Cytberaea  (7)  sulculosa  (?},  do.  Fl.  II.  t  14  (also  Chiloe  and 

Huafo  ?). 

4.  Voluta,  fragments  of. 

In  the  northern  parts  of  this  group  there  are  some 
cliffs  of  gravel  and  of  the  boulder  formation.  In  the 
soutliem  part  (at  P.  Andres  in  Tres  Montes),  there  is 
a  volcanic  formation,  probably  of  tertiary  origin.  The 
lavas  attain  a  thickness  ot  from  200  to  800  feet ;  they 
are  extremely  variable  in  colour  and  nature,  being 
compact,  or  brecciated,  or  cellular,  or  amygdaloid^ 
with  zeolite,  agate  and  bole,  or  porphyritic  witi  glassy 
albitic  feldspar.     There  is  also  much  imperfect  rubbly 
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pitchstone,  with  the  interstices  charged  with  powdeiy 
csrboDate  of  lime  apparently  of  contemporaneons  origin. 
These  lavaa  are  conformably  associated  with  strata  of 
breccia  and  of  brown  toff  contaioing  lignite.  Tha 
whole  moss  has  been  broken  np  and  tilted  nt  an  angle 
of  45°,  by  a  series  of  great  volcanic  dikes,  one  of  which 
was  thirty  yards  in  breadth.  This  volcanic  formatioD 
resembles  one,  presently  to  be  described,  in  Cblloe. 

Suafo. — This  island  lies  between  the  Cbonoa  and 
Chiloe  gronps:  it  is  abont  800  feet  high,  and  perhaps 
has  a  nnclens  of  metamorphlc  rocks.  The  strata  which 
I  examined  consisted  of  fine-grained  mnddy  sandstones, 
with  fragments  of  lignite  and  concretions  of  calcareons 
sandstone.  I  collected  the  following  extinct  shells,  of 
which  the  Turritella  was  in  great  nnmbers : — 

1,  Bulla  cosmophila,  Q.  B.  Bowerby.  PI.  HI.  f.  35. 

2.  Plearotoma  aubieqcnlis,  do.  PI.  IV.  f,  52. 

a.  Fnsufl  cleryanns,  d'Orbig.  ■  Voy.  Fal.'  PI.  XII.  L  6,  7  (also  M 

Coqoimbo). 
4.  Triton  leocoaiomoides,  O.  B.  Sowcrby,  PI.  IV.  f.  64. 
6.  Turrilella  Chilensis.  do.  PL  IV.  f.  61  (aIbo  Mocha). 
6.  Venut,  pmbablT  a  dihtir  ot  aprcies,  but  very  imperfect. 
T.  Cytbenea  (7)  snlcolosa  (0.  do.  PI.  II.  f.  U. 
8.  DeDtulinin  njajas,  O,  B.  Soweibj,  PI.  II.  f.  8. 

Chiloe. — This  fine  island  is  about  100  miles  in 
length.  The  entire  southern  part,  and  the  whole 
western  coast,  consists  of  mica-schist,  which  likewise  is 
seen  in  the  ravines  of  the  interior.  The  central  moun- 
tains rise  to  a  height  of  8,000  feet,  and  are  said  to  ba 
partly  formed  of  granite  and  greenstone :  there  are 
two  small  volcanic  districts.  The  eastern  coast,  and 
large  parts  of  the  northern  extremity  of  the  island  are 
composed  of  gravel,  the  boulder  formation,  and  under- 
lying horizontal  strata.  The  latter  are  well  displayed 
for  twenty  miles  north  and  south  of  Castro ;  they  vary 
in  character  from  common  sandstone  to  fine-grained, 
laminated   mudstones:  all  the  specimens  which  I  ex- 
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amincd  arc  easily  fusible,  and  some  of  the  beds  might 
be  called  Yolcanic  grit-stones.  These  latter  strata  are 
perhaps  related  to  a  mass  of  columnar  trachyte  which 
occurs  behind  Castro.  The  sandstone  occasionally  in- 
cludes pebbles,  and  many  fragments  and  layers  of  lignite ; 
of  the  latter,  some  are  apparently  formed  of  wood  and 
others  of  leaves :  one  layer  on  the  N.  W.  side  of  Lemuy 
is  nearly  two  feet  in  thickness.  There  is  also  much 
silicified  wood,  both  common  dicotyledonous  and  coni- 
ferous :  a  section  of  one  specimen  in  the  direction  of  the 
medullary  rays  has,  as  I  am  informed  by  Mr.  R.  Brown, 
the  discs  in  a  double  row  placed  alternately,  and  not 
opposite  as  in  the  true  Araucaria.  I  found  marine 
remains  only  in  one  spot,  in  some  concretions  of  hard 
calcareous  sandstone:  in  several  other  districts  I  have 
observed  that  organic  remains  were  exclusively  confined 
to  such  concretions ;  are  we  to  account  for  this  fact,  by 
the  supposition  that  the  shells  lived  only  at  these  points, 
or  is  it  not  more  probable  that  their  remains  were  pre- 
served only  wliere  concretions  were  formed  ?  The  shells 
here  are  in  a  bad  state,  they  consist  of : — 

1.  Tellinides  (f)  oblonga,  G.  B.  Sowerby,  PI.  II.  f.  12  (a  solenella 

in  M.  d'Orbignv^s  opinion). 

2.  Natica  striolata,  G.  B.  Sowerbv,  PI.  III.  f.  39. 

3.  Natica  (?)  pumila,  do.  PI.  III.  {.  38. 

4.  Cytliera»a(f)  sulculosa,  do.  PI.  II.  f.  14(idso  Ypun  and  Iluafof). 

At  the  northern  extremity  of  the  island,  near  S. 
Carlos,  there  is  a  large  volcanic  formation,  between  500 
and  700  feet  in  thickness.  The  commonest  lava  is 
blackish-grey  or  brown,  either  vesicular,  or  amygda- 
loidal  with  calcareous  spar  and  bole :  most  even  of  the 
darkest  varieties  fuse  into  a  pale-coloured  glass.  The 
next  commonest  variety  is  a  rubbly,  rarely  well  charac- 
terised pitchstone  (fusing  into  a  white  glass)  which 
passes  in  the  most  irregular  manner  into  stony  gray 
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lavaa.  This  pitcliatone,  a8  well  as  some  purple  clay- 
Btone  porphyry,  certainly  flowed  in  the  form  of  streaniB. 
These  varions  lavas  oflen  pass,  at  a  considerable  depth 
from  the  surface,  in  the  most  abrupt  and  singular 
matmer  into  wacke.  Great  masses  of  the  solid  rock  are 
brecciated,  and  it  was  generally  impossible  to  discover 
whettier  the  recementing  process  had  been  an  igneoos 
or  aqueous  action.'  The  beds  are  obscurely  separated 
from  each  other ;  they  are  sometimes  parted  by  seams 
of  tnff  and  layers  of  pebbles.  In  one  place  they  rested 
on,  and  in  another  place  were  capped  by,  tufis  and  grit- 
stones, apparently  of  snbmarine  origin. 

The  ueiglibouring  peninsula  of  Lacny  is  almost 
wholly  formed  of  tufaceous  deposits,  connected  probably 
in  their  origin  with  the  volcanic  hills  just  described. 
The  tufls  are  ])ale-co)oured,  altt;mating  with  laminated 
mudstones  and  sandstones  (alt  easily  fnsible)  and  piissing 
sometimes  into  fine  grained  white  beds  strikingly  re- 
sembling the  great  uppor  infusorial  depositor  Patagonia, 
and  sometimes  into  brecciolas  with  pieces  of  pumice  in 
the  last  stage  of  decay ;  these  again  pass  into  ordinary 
coarse  breccias  and  conglomerates  of  hard  rocks.  With- 
in very  short  distances,  some  of  tho  finer  tuffs  often 
passed  into  each  other  in  a  peculiar  manner,  namely, 
by  irregular  polygonal  concretions  of  one  variety  in- 
creasing BO  much  and  so  suddenly  in  size,  that  the 
second  variety,  instead  of  any  longer  forming  the  entire 
niasB,  was  left  merely  in  thin  veius  between  the  concre- 
'  In  a  cliff  of  the  burdpst  rrBfcmentnry  mass,  I  found  several 
lortuooB,  verlicnl  veins,  vnrrin);  in  tbickni-as  from  afev  tenlliaof  an 
inch  to  one  inch  and  a  hnlf,  uf  a  pulitiiiiiioe  which  1  have  not  t>ecn 
(lirscribed.  It  IB  gloiisy,  and  oF  a  brown  colour;  itisihinly  laminaied, 
with  Ihe  laminse  transparent  and  eliistic;  it  is  a  little  hnrder  thau 
calcnreoQB spur ;  it  is  infusiiile under  t he  lilowpipe.somctimes  decre- 
pitates, gives  out  wutcl,  cnila  up,  b'ackona  and  becomes  magnctio, 
BoTaz  easily  disiolvvg  a  considerable  quHntitj  of  it,  oad  givcii  a 
IiIbm  tiDged  with  green.  I  have  no  idea  what  ita  true  natc;?  ■■■ 
On  first  seeing  it,  I  mistook  it  tor  lisiiite  1 
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not  represented  steep  eDongb,  for  I  partlcnlariy  noticed 
that  before  the  beds  had  been  tilted  to  the  right,  this 
line  mnst  have  been  nearly  vertical.  It  appears  that  a 
current  of  water  cnt  for  itself  a  deep  and  steep  sub- 
marine channel,  and  at  the  same  time  or  afterwards 
filled  it  np  with  the  tafaceooa  and  brecciolated  matter, 
and  spivad  the  same  over  the  sniroDndlug  submarine 
beds;  the  matter  becoming  stratified  in  these  more 
distant  and  less  troabled  parts,  and  being  moreover 
subsequently  covered  up  by  other  strata  (like  A  A)  not 
shown  in  the  diagram.  It  is  eingular  that  three  of  the 
beds  (of  A  A)  are  prolonged  in  their  proper  direction, 
as  represented,  beyond  the  line  of  junction  into  the 
white  tufaceous  matter  :  the  prolonged  portions  of  two 
of  the  beJs  are  rounded ;  in  the  third,  the  terminal 
fragment  has  been  pushed  upwards:  how  these  beds 
could  have  been  It-ft  thus  prolonged,  I  will  not  pretend 
to  explain.  In  another  section  on  the  opposite  »de  of 
a  promontory,  there  was  at  the  foot  of  this  same  line 
of  junction,  that  is  at  the  bottom  of  the  old  submarine 
chaunel,  a  pile  of  fragments  of  the  strata  (A  A^,  with 
their  interstices  filled  up  with  the  white  tufaceous 
matter:  this  is  exactly  what  might  have  been  antici- 
pated undiT  such  circumstances. 

The  various  tufaceoiis  ond  other  beds  at  this  northern 
end  of  Chiloe  probably  bt-long  to  about  the  same  age 
with  tliiist!  near  Castro,  and  they  contain,  as  there,  many 
fi-agmeiits  of  black  lignite  oud  of  silicified  and  pyritous 
wood,  oftun  embedded  close  together.  They  also  con- 
tain many  and  singul.ir  concretions  :  some  are  of  hard 
calcareous  sandstone,  in  which  it  would  appear  that 
broken  volcanic  crystals  and  scales  of  mica  have  been 
better  preserved  (as  in  the  case  of  the  organic  remains 
near  Castro)  than  in  the  surrounding  mass.  Other 
concretions  in  the  white  brecciola,  are  of  a  hard  fcr> 
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raginouB,  yet  fusible,   nature;   they  are  ae  round  as 
caanoQ- balls,  and  varj-  from  two  or  tbree  inches  to  two 

feet  in  Jiameter;  their  insidea  generally  consist  either 
of  tine,  scarcely  coherent  volcanic  sand,'  or  ol'  an  argil- 
laceous tuff;  in  this  latter  case,  the  external  crast  was 
quite  thin  and  hard.  Some  of  the  spherical  balls  were 
encircled,  in  the  line  of  their  equators,  by  a  necklace- 
like row  of  smaller  concretions.  Again  there  were  other 
concretions,  irregularly  formed,  and  composed  of  a  hard, 
compact,  ash-coloured  stone,  with  an  almost  porcelain- 
ous  fracture,  adhesive  to  the  tongue,  and  without  any 
calcareous  matter.  These  beds  are,  also,  interlaced  by 
many  veins,  containing  gj'psum,  ferruginous  matter, 
calcareona  spar,  and  agate.  It  was  here  seen  witli  re- 
markable distinctness,  how  intimately  concretionary 
action  and  the  production  of  fissures  and  veins  are  re- 
lated together.  The  following  diagram  is  an  accurate 
No.  30, 
GrouD^!  plan  etiowiDg  the  lelndon 


representation  of  a  horizontal  space  of  tuff,  about  four 
Tha  frequent  tendencyin  iron  to  form  hollow  concretionB  or  uhell 
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feet  long  by  two  and  a  half  in  width :  the  doable  lines 
represent  the  fissures  partially  filled  with  oxide  of  iron 
and  agate  :  the  curvilinear  lines  show  the  course  of  the 
innumerable,  concentric,  concretionary  zones  of  difierent 
shades  of  colour  and  of  coarseness  in  the  particles  of 
tuff.  The  symmetry  and  complexity  of  the  arrangement 
gave  the  surface  an  elegant  appearance.  It  may  be 
seen  how  obviously  the  fissures  determine  (or  have  been 
determined  by)  the  shape,  sometimes  of  the  whole  con- 
cretion,  and  sometimes  only  of  its  central  parts.  The 
fissures  also  determine  the  curvatures  of  the  long  undu- 
lating zones  of  concretionary  action.  From  the  varying 
composition  of  the  veins  and  concretions,  the  amount 
of  chemical  action  which  the  mass  has  undergone  is 
surprisingly  great ;  and  it  would  likewise  appear  from 
the  difference  in  size  in  the  particles  of  the  concretionary 
'zones,  that  the  mass,  also,  has  been  subjected  to  internal 
mechanical  movements. 

In  the  peninsula  of  Lacuy,  the  strata  over  a  width 
of  four  miles  have  been  upheaved  by  three  distinct,  and 
some  other  indistinct,  lines  of  elevation,  ranging  with- 
in a  point  of  north  and  south.  One  line,  about  200 
feet  in  height,  is  regularly  anticlinal,  with  the  stratxk 
dipping  away  on  both  sides,  at  an  angle  of  15**,  from  a 
central  *  valley  of  elevation,'  about  300  yards  in  width, 
A  second  narrow  steep  ridge,  only  sixty  feet  high,  is 
nniclinal,  the  strata  throughout  dipping  westward; 
those  on  both  flanks  being  inclined  at  an  angle  of  from 
ten  to  fifteen  degrees  ;  whilst  those  on  the  ridge  dip  in 
the  same  direction  at  an  angle  of  between  thirty  and 
forty  degrees.  This  ridge,  traced  northwards,  dies  away  ; 
and  the  beds  at  its  terminal  point,  instead  of  dipping 
westward,  are   inclined    12°  to  the   north.     This  case 

containing  incoherent  matter  is  singular;  D'Aubai<«son  (*  Traits  de 
G6ogn.'  torn.  i.  p.  318)  remarks  on  this  circumstance. 
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interested  me,  as  being  the  first  in  which  I  found  in 
South  America,  formations  perhaps  of  tertiary  origin, 
broken  by  lines  of  elevation. 

Valdivia:  Island  of  Mocha, — The  formations  of 
Chiloe  seem  to  extend  with  nearly  the  same  character 
to  Valdivia,  and  for  some  leagues  northward  of  it :  the 
underlying  rocks  are  micaceous  schists,  and  are  covered 
up  with  sandstone  and  other  sedimentary  beds,  including, 
as  I  was  assured,  in  many  places  layers  of  lignite.  I 
did  not  land  on  Mocha  (lat.  38°  20'),  but  Mr.  Stokes 
brought  me  specimens  of  the  gray,  fine-grained,  slightly 
calcareous  sandstone,  precisely  like  that  of  Huafo,  con- 
taining lignite  and  numerous  TurriteUae.  The  island  is 
flat  topped,  1,240  feet  in  height,  and  appears  like  an 
outlier  of  the  sedimentary  beds  on  the  mainland.  The 
few  shells  collected  consist  of: — 

1.  Turritella  Chilensis,  G.  B.  Sowprby,  PI.  IV.  f.  61  (also  at  Huafo). 
8.  Fnsus,  very  imperfect,  soutewha*  resembling  F.  subreflexus  of 

Navidad  (PI.  IV.  f.  67),  but  probably  different. 
3.  Venus,  fragments  of. 

Concepcion, — Sailing  northward  from  Valdivia,  the 
coast-cliffs  are  seen,  first  to  assume  near  the  R.  Tolten, 
and  thence  for  150  miles  northward,  to  be  continued 
with  the  same  mineralogical  characters,  immediately  to 
be  described  at  Concepcion.  I  heard  in  many  places 
of  bed  sof  lignite,  some  of  it  fine  and  glossy,  and  likewise 
of  silicified  wood ;  near  the  Tolten  the  cliffs  are  low, 
but  they  soon  rise  in  height ;  and  the  horizontal  strata 
are  prolonged,  with  a  nearly  level  surface,  until  coming 
to  a  more  lofty  tract  between  points  Rumena  and 
Lavapie.  Here  the  beds  have  been  broken  up  by  at 
least  eight  or  nine  parallel  lines  of  elevation,  ranging 
E.  or  ENE.,  and  W.  or  WSW.  These  lines  can  be 
followed  with  the  eye  many  miles  into  the  interior; 
they  are  all  uuiclinal,  the  strata  in  each  dipping  to  a 


39^  Tertiary  Fortnations.  mbi  n. 

point  between  S.  aa<i  SSE.  with  an  incUaation  in 
the  ceatral  lines  of  aboat  forty  degrees,  and  in  the 
outor  ones  of  nnder  twenty  degreea,  Thia  band  of 
symmetrically  troubled  country  ia  about  eight  miles  in 
width. 

The  island  of  Quiriquina.  in  the  Bay  of  Coacepcion, 
i.-«  formed  of  various  soft  and  often  ferruginous  sand- 
stones, with  bands  of  pebblta,  and  irith  the  lower  strata 
sometimes  parsing  into  a  conglomerate  resting  on  the 
underlying  metamorphic  schists.  These  beds  include 
subordinate  layers  of  greenish  impure  clay,  soft  micar- 
ceous  and  calcareous  sandstones,  and  reddish  friable 
earthy  matter  with  wbite  specks  like  decomposed  crystals 
of  feldspar;  they  include,  also,  hard  concretions,  frag- 
ments of  shu'lls,  lignite,  and  ailicilied  wood.  In  the 
uppLT  part  they  p^iss  into  white,  soft  sediments  and 
brucciolas,  very  like  those  described  atChiloe;  as  in- 
dpi-d  M  the  whole  formation.  At  Lirgaen  and  other 
places  on  the  ensfern  side  of  the  bay,  there  are  good 
st:ctii)ii3  of  the  lowi-r  sandstones,  which  are  generally 
ft^rruginous,  but  which  vary  in  character,  and  even  pasa 
into  an  arglllact'ous  nature;  they  contain  hard  concre- 
tions, fragments  of  lignite,  siliciKcd  wood,  and  pebbles 
(of  the  same  rocks  with  the  pebbles  in  the  sandstones 
of  Quiri(|uina),  and  they  alternate  with  numerous,  often 
very  thin  layers  of  imparfect  coal,  generally  of  little 
sjieciiii:  gnivity.  Tliernuin  bed  here  is  three  feet  thick; 
ami  only  the  coal  of  this  one  bed  has  a  glossj  fracture. 
Another  iiT<'gu!:ir,  curvilinear  bed  of  brown,  compact 
li^iiiU^,  is  remarkable  for  being  included  in  a  mass  of 
roiu-su  gravel.  Tliese  imperfect  coals,  when  placed  in  a 
hf^ap,  ignite  spontaneously.  The  cUfTs  on  this  side  of 
tli<^  bay,  as  well  as  on  the  island  of  Quinquina,  are 
capped  with  red  friable  earth,  which,  as  stated  in  the 
ninth  chapter,  is  of  recent  formation.     The  stratiGc»> 
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tion  in  this  neighbourhood  is  generally  horizontaJ ;  but 
near  Lirguen  the  beds  dip  NW.  at  an  angle  of  23° ; 
near  Concepcion  they  are  also  inclined :  at  the  northern 
end  of  Quinquina  they  have  been  tilted  at  an  angle  of 
30°  and  at  the  southern  end  at  angles  varying  from  1 5° 
to  40°:  these  dislocations  must  have  taken  place  under 
the  sea. 

A  collection  of  shells,  from  the  island  of  Quiriquina, 
has  been  described  by  M.  d'Orbigny :  they  are  all  extinct, 
and  from  their  generic  character,  M.  d'Orbigny  inferred 
that  they  were  of  tertiary  origin :  they  consist  of: — 


1.  Scalaria  ChilensiB,  d'Orbig. 

•  Voyage,  Part.  PaL' 

2.  Natica  Arancana,  do. 

3.  Natica  aastralis,  do. 

4.  FusQS  difficilis,  do. 

5.  Pyrula  longirostra,  do. 

6.  Plearotoma  Araucana,  do. 

7.  CSardium  auca,  do. 


8.  Cardinm      acnticostatnm. 

d'Orbig.    •  Voyages,  PaL'' 

9.  Venus  auca,  do. 

10.  Mactra  cecileana,  do. 

11.  Mactra  Arancana,  do. 

12.  Area  Araucana,  do. 

13.  Nucula  Largillierti,  do. 

14.  Trigonia  Hanetiana,  do. 


During  a  second  visit  of  the  Beagle  to  Concepcion, 
Mr.  Kent  collected  for  me  some  silicified  wood  and 
shells  out  of  the  concretions  in  the  sandstone  from  Tome, 
situated  a  short  distance  north  of  Lirguen ;  they  consist 
of:— 


1.  Natica     australis,     d*Orbig. 

•  Voyage,  PaL* 

2.  Mactra  Araucana,  do. 

3.  Trigonia  Hanetiana,  do. 

4.  Pecten,  fragments    of,    pro- 

bably two  species,  but  too 


imperfect  for   description. 

5.  Baculites  vagina,  B.  Forbes, 

PI.  V.  f.  3. 

6.  Nautilus    d'Orbigny  an  us,  E. 

Forbes,  PL  V.  f .  1  (a)   and 
1(b). 


Besides  these  shells.  Captain  Belcher'  found  here  an 
Ammonite,  nearly  three  feet  in  diameter,  and  so  heavy 
that  he  could  not  bring  it  away ;  fragments  are  deposited 
at  Haslar  Hospital :  he  also  found  the  silicified  vertebra) 
of  some  very  large   animal.      From  the   identity  in 


■  <  Zoology  of  Capt.  Belcher's  Voyage,'  p.  ICX 
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mineralogical  oatare  of  the  rocks,  and  from  Captain 
Belcher'fl  minute  description  of  the  coast  between  Lirgnen 
and  Tome,  the  fousiliferous  concretions  at  this  latter 
place  certainly  belong  to  the  same  formation  with  the 
bi-ds  examined  by  myself  at  Lirguen  ;  and  these  again 
are  undonbtedly  the  same  with  the  strata  of  Quiriqaina ; 
moreover,  the  three  6rat  of  the  shells  from  Tome,  though 
associated  in  the  same  concretions  with  the  Baculite, 
are  identical  with  the  species  from  Quiriqaina.  Hence 
alt  the  sandstone  and  lignitiferous  beds  in  this  neigh- 
bourhood certainly  belong  to  the  same  formation.  Al- 
though the  generic  character  of  the  Quinquina  fossils 
naturally  led  M.  d'Orbigny  to  conceive  that  they  were 
of  tertiary  origin,  yet  as  we  now  find  them  a^^sociated 
with  the  BacuUhs  vagina  and  with  an  Ammonite,  we 
must,  in  the  opinion  of  M.  d'Orbigny,  and  if  we  aj« 
guided  by  the  analogy  of  the  Northern  Hemisphere,  rank 
them  in  the  Cretaceous  system.  Moreover,  the  BamUfes 
vtiglna,,  which  is  in  a  t-olcmble  state  of  preservation, 
appears  to  Professor  E,  Forbes  certainly  to  be  identical 
with  a  species,  so  named  by  him,  from  Pondicherry  in 
India  ;  where  it  is  associated  with  numerous  decidedly 
cretaceous  species,  which  apjiroach  most  nearly  to  Lower 
Greensand  or  Neocomian  forms :  this  fact,  considering 
the  vast  distance  betwe^  Chile  and  ludia,  is  truly  sur- 
prising. Again,  the  NautUus  (COihignyanue,  as  far 
us  its  imperfect  Btit«  allows  of  comparison,  resembles, 
as  1  am  infuruied  by  Professor  Forbes,  both  in  its  general 
form  and  in  that  of  its  chambers,  two  species  from  the 
Upper  Greensand.  It  may  be  added  that  every  one  of 
the  above-named  genera  from  Quinquina,  which  hare 
an  apparently  tertiary  character,  are  found  in  the  Pon- 
dicherry strata.  There  are,  however,  some  diiBculties 
on  this  view  of  the  formations  at  Concepcion  being  cre- 
taceous, which  I  shall  &f>«rwards  allude  to;  and  I  will 


CHAP.  in.  Navidad.    .  401 

here  only  state  that  the  Cardium  avca  is  foand  also  at 
C'oqnimbo,  the  beds  at  which  place,  there  can  be  no 
doiibt,  are  tertiary, 

Nattidad.^ — The  ConeepcioE  formation  extends  some 
distance  northward,  bnt  bow  &r  I  know  not ;  for  the 
next  point  at  which  I  landed  was  at  Navidad,  160  miles 
north  of  Concepcion,  and  60  miles  south  of  Valparaiso. 
The  cliSs  here  are  aboat  800  feet  in  height;  they 
consist,  wherever  I  coold  examine  them,  of  fine-grained, 
yellowish,  earthy  sandstones,  with  ferruginous  veins,  and 
with  concretions  of  hard  calcareous  sandstone.  In  one 
part,  there  were  many  pebbles  of  the  common  meta- 
morphic  porphyries  of  the  Cordillera :  and  near  the 
base  of  the  cliff,  I  observed  a  single  ronnded  boulder  of 
greenstone,  nearly  a  yard  in  diameter.  I  traced  this 
sandstone  formation  beneath  the  snperficial  covering  of 
gravel,  for  some  distance  inland :  the  strata  are  slightly 
inclined  from  the  se«  towards  the  Cordillera,  which 
apparently  has  been  cansed  by  their  having  been  accn- 
mnlated  against  or  round,  ontlying  masses  of  granite, 
of  which  some  points  project  near  the  coast.  The  sand- 
stone contains  fragments  of  wood,  either  in  the  state  of 
lignite  or  partially  silicified,  sharks'  teeth,  and  shells  in 
great  abundance,  both  high  up  and  low  down  the  sea* 
cliSs.  Pectuncnlus  and  Oliva  were  most  numerous  in 
individuals,  and  next  to  them  Turritella  and  Fnsns.  I 
collected  in  a  short  time,  though  suffering  from  illness, 
the  following  thirty-one  species,  all  of  which  are  extinct, 
and  several  of  the  genera  do  not  now  range  (as  we  shall 
hereafter  show)  nearly  so  far  south : — 

J.  Gastridium  u^epa,  0.  B.  Sowerby,  PI.  IV.f.  6B,  69. 
S.  MoniiciToa,  frugmeota  of,  oonaideTed  bj  M.  d'Orbl^y  as  anew 
Fpccies. 
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3.  Yolnta  alU,  G.  B.  Sowerbj,  PL  IV.  f.  75  (considered  by  11 

d*Orbigny  as  riurinct  from  the  T-  alta  of  S.  Cmz). 

4.  Voliita  tripli'?a*a,  G.  B.  Sowerbv.  PI.  IV.  t  74. 
6.  Oliva  dimidiata,  do.  PL  IV.  f.  7**,  77. 

6.  I'leorotoma  discors,  do.  PI.  IV.  f,  64. 

7.  Plenrotoma  turf.iiKrlloides,  do.  PL  IV.  t  53. 

8.  Fasus  subreflf  xos,  do.  PL  FV.  £.  57. 

9.  Fu!»us  pjTuliforDii?,  do.  PL  FV.  f.  56. 

10.  FiLsus,  allied  to  F.  regnlaris,  PL  IV.  f.  55  (considered  by  IL 

d*(  >rbigny  as  a  distinct  specie:«). 

11.  Turritella  sataralis,  G.  B.  Sowerby,  PL  III.  f.  50. 

12.  Turritella  Fatagonica  (do.),  PI.  III.  f.  48  (fragments  of). 

13.  Troclius  laevis,  G.  B.  Sowerby,  PI  III.  f.  46.  47. 

14.  Trochus  collaris,  do.,   PL  IIL  f.   44,   45   (considered  by  IL 

d'Orbigny  as  the  young  of  the  T.  lfl»\is). 

15.  Casnis  moni lifer,  G.  B.  iSowerby,  PL  IV.  £.  65. 

16.  Pynila  distans,  do.,  PI.  IV.  f.  CI. 

17.  Triton  verruculosus,  do.,  PI.  IV.  f.  63. 

18.  8i«raretus  8uh;:lob<)sus.  G.  B.  Sow*  rby,  PI.  III.  f.  36,  37. 

19.  Natica  8<)li«la,  do.,  I'l.  IIL  f.  40,  41  (it  is  doubtful  whether  the 

N.  fiolida  of  S.  ('ruz  is  the  same  sj^ecks  with  this). 

20.  Tercbra  undulifera,  G.  B.  Sowerby,  PL  IV.  f.  72,  73^ 

21.  Ttrebra  costelL-ita.  do.,  PI  IV.  f.  70,  71. 

22.  Bulla  (fragments  of). 

28.  Dentalium  giganteum,  do.,  PL  II.  f.  L 

24.  Dentalium  Milcosum,  do.,  PL  II.  f.  2. 

25.  Corbis  (?)  Ijevigata,  do.,  PL  IL  f.  11. 

26.  Cardium  multiiadiatura,  do.,  PL  II.  f.  16. 

27.  Venus  meridioiialis,  do.,  PL  IL  f.  13. 

28.  Pectunculus  dispar,  (?)  Desh.  (considered  by  M.  d'Orbigny  as  a 

distinct  species). 
29,30.    Cythenua   and    Ma(rtra,  fragments  of  (considered  by  M. 

d'Orbijrny  as  new  8[K;cics). 
81.  Pecten,  fragments  of. 

Goquimho. — For  more  than  200  miles  northward  of 
Navidiid,  the  coast  consists  of  plutonic  and  metamorphic 
rocks,  with  the  exception  of  some  quite  insignificant 
superficial  beds  of  recent  origin.  At  Tonguay,  twenty- 
five  miles  south  of  Coquimbo,  tertiary  beds  recommence, 
I  have  already  minutely  described  in  the  ninth  chapter, 
the  step-formed  plains  of  Coquimbo,  and  the  upper 
calcareous  beds  (from  twenty  to  thirty  feet  in  thickness) 
containing  shells  of  recent  species,  but  in  different 
proportions  from  those  on  the  beach.  There  remains 
to  be  described  only  the   underlying   ancient  tertiary 
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beds,  represented  in  the  following  diagram  (here  given 
again)  by  the  letters  F  and  E  : — 

Ko.  37. 
Section  of  the  Tertiary  FonnatMm  mt  Ooqnimtxiii 
SurfSaoe  of  plain,  SSS  feet  abore 


O    M  '    '   ■    ■    »    ■-■    ''  '  ^- 


Level  of  Sea. 

F— Lower  Sandstone,  with  coneretioni  and  rilicified  bones, )  with  fosBll  dwna^all,  or 
B — ^Upner  femigiuous  sandsrtone,  with  nmneroos  Balani,      1     nearly  aU,  eztinotN. 
O  and  n— Oalcareoas  beds  with  reoent  sheUa.     A— Stratilled  aaad  in  a  faTinei  also 
with  recent  sheUa. 

I  obtained  good  sections  of  bed  (F)  only  in  Herra- 
dara  Bay :  it  consists  of  soft  whitish  sandstone,  with 
fermginons  veins,  some  pebbles  of  granite,  and  concre- 
tionary layers  of  hard  calcareous  sandstone.  These 
concretions  are  remarkable  from  the  great  number  of 
large  silicified  bones,  apparently  of  cetaceous  animals, 
which  they  contain ;  and  likewise  of  a  shark's  teeth, 
closely  resembling  those  of  the  Carcharias  megalodon. 
Shells  of  the  following  species,  of  which  the  gigantic 
Oyster  and  Pema  are  the  most  conspicaons,  are  nume- 
rously embedded  in  the  concretions  : — 

1.  Bulla  ambigna,  d'Orbig.  *  Voyage  PaL* 

2.  MoDoceros  Blainyillii,  do. 

3.  Cardiom  anca,  do. 

4.  Panopsea  Coquimbensis,  do. 
6.  Pema  Gaudichaudi,  do. 

6.  Artemis  ponderosa;  Mr.  Sowerby  can  find  no  distinguishing 

character  between  this  fossil  and  the  recent  A.  ponderosa ;  it 
is  certainly  an  Artemis,  as  shown  by  the  pallial  impression. 

7.  Ostrea  Patagonica  (?)  Mr.  Sowerby  can  point  out  no  distin- 

guishing clmracter  between  this  species  and  that  so  eminently 
characteristic  of  the  great  P&tagonian  formation ;  but  he  will 
not  pretend  to  affirm  that  they  are  identical. 

8.  Fragments  of  a  Venus  and  Natica. 

The  cliflFs  on  one  side  of  Herradura  Bay  are  capped 
by  a  mass  of  stratified  shingle,  containing  a  little  calca- 
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reons  matter,  and  I  did  not  doabt  that  it  belonged  to 
the  same  recent  formation  with  the  gravel  on  the  sor- 
rounding  plains,  also  cemented  by  calcareous  matter, 
nntil  to  my  surprise,  I  found  in  the  midst  of  it,  a  single 
thin  layer  almost  entirely  composed  of  the  above  gigantic 
oyster. 

At  a  little  distance  inland,  I  obtained  several  sections 
of  the  bed  (E),  which,  though  different  in  appearance 
from  the  lower  bed  (F),  belongs  to  the  same  formation : 
it  consists  of  a  highly  ferruginous  sandy  mass,  almost 
composed,  like  the  lowest  bed  at  Port  S.  Julian,  of 
fragments  of  Balanidae ;  it  includes  some  pebbles,  and 
layers  of  yellowish-brown  mudstone.  The  embedded 
shells  consist  of: — 

1.  Monoccrofl  BUinvillii,  d'Orbig.  •Voyage  Pal.* 

2.  ambigruns,  G.  B.  Sowerby,  PL  IV.  f.  66,  67. 

3.  Anomia  altemans,  do.,  PI.  II.  f.  25. 

4.  Pcctcn  rndis,  do.,  PI.  III.  t  32. 

6.  Perna  Oandichaudi,  d'Orbig.  *  Voyage  Pal.* 

6.  Osirea  Patagonica  (?)      do. 

7.  Ontrea,  nmall  species,  in  imperfect  state;  it  appeared  to  me 

like  a  small  kind  now  living  in,  bnt  very  rare  in  the  bay. 

8.  BIytilus  Chiloonsis ;  Mr.  Sowerby  can  find  no  distingaishing 

character  between  this  fossil,  as  far  as  its  not  very  perfect 
condition  allows  of  comparison,  and  the  recent  species. 

9.  Balanus  Coquimbensis,  0.  B.  Sowerby,  PI.  II.  f.  7. 

10.  Balanns  psittacns?  King.  This  appears  to  Mr.  Sowerby  and 
myself  identical  with  a  very  large  and  common  species  now 
living  on  the  coast. 

The  uppermost  layers  of  this  fermgino-sandy  mass 
are  conformably  covered  by,  and  impregnated  to  the 
depth  of  several  inches  with,  the  calcareous  matter  of 
the  bed  (D)  called  losa :  hence  I  at  one  time  imagined 
that  there  was  a  gradual  passage  between  them ;  but  as 
all  the  species  are  recent  in  the  bed  (D),  whilst  the 
most  characteristic  shells  of  the  uppermost  layers  of  (E) 
are  the  extinct  Perna,  Pecten,  and  Monoceros,  I  agree 
with  M.  d'Orbigny,  that  this  view  is  erroneous,  and  that 
there  la  only  a  mineralogical  passage  between  them, 
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and  no  gradual  transition  in  the  natnre  of  their  organic 
remains.  Besides  the  fourt«eu  species  enumerated  from 
these  two  lower  beds,  M.  d'Orbigny  has  described  tea 
other  species  given  to  him  from  this  locality ;  namely, 


1.  Fnsua     Cleryiinus, 

'Vojase  Pal." 

2.  pctitianui, 

3.  Teous  huneliaiia, 

4.  incertft  (1) 

6.  Clcryatia, 


d'Orbig. 


6.  Venua     palitiana,    d'OtMg. 

'  Voyage  Pal.' 

7.  Chitensia,  do. 

8.  Solecnrtus  luwetiaaos,  do. 

9.  Maclra  auca,  do. 
10.  Oliva  Bcreua,  do. 


Of  these  twenty-fonr  shells,  all  are  extinct,  except, 
according  to  Mr.  Sowerby,  the  ArtcmU  ponderosa, 
Mytilus  Ghiloenais,  and  probably  the  great  Balanns. 

Goquimbo  to  Copiapo. — A  few  miles  north  of  Co- 
quimbo, I  met  with  the  ferraginous,  balaniferons  mass 
(E)  with  many  silicified  bones;  I  was  informed  that 
these  silicified  bones  occur  also  at  Tongiiaj,  south  of 
Goquimbo :  their  number  is  certainly  remarkable,  and 
they  seem  to  take  the  place  of  the  silicified  wood,  so 
common  on  the  coast- formations  of  southern  Chile.  In 
the  valley  of  Chaaeral,  I  again  saw  this  same  formation, 
capped  with  the  recent  calcareous  beds.  I  here  left 
the  coast,  and  did  not  see  any  more  of  the  tertiary 
formations,  until  descending  to  the  sea  at  Copiapo : 
here  in  one  place  I  found  variously  coloured  layers  of 
sand  and  soft  sandstone,  with  seams  of  gypsum,  and  in 
another  place,  a  coniminnted  shelly  mass,  with  layers 
of  rotten-stone  and  seams  of  gypsnm,  including  many 
of  the  extinct  gigantic  oyster :  beds  with  these  oysters 
are  said  to  occur  at  English  Harbor,  a  few  miles  nortii 
of  Copiapo. 

Goa^t  of  Peru. — With  the  exception  of  deposits 
containing  -  recent  shells  and  of  quite  insignificant 
dimensions,  110  tertiary  formations  have  been  observed 
or  this  coatit,  for  a  space  of  twenty-two  degrees  of  lati- 
tnde  north  of  Copiapo,  oittil  coming  to  Payta,  where 
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there  is  said  to  be  a  considerable  calcareous  deposit :  a 
few  fossils  have  been  described  by  M.  d'Orbigny  firom 
this  place,  namely : — 

1.  Rostellaria  Gaadichandi,  d'Orbig.  *  Voyage  PaL* 

2.  Pectunculus  Paytensis,  do. 

3.  Venas  petitiana,  do. 

4.  Ostrea  Patagonica  f    This  great  oyster  (of  which  speoimeiu 

have  been  given  me)  cannot  be  dis-tingnished  by  Mr.  Sowerby 
from  some  of  the  varieties  from  Patagonia ;  though  it  would 
be  hazardous  to  assert  it  is  the  same  with  that  species,  or 
with  that  from  Coqaimbo. 

Oonchiding  Remarks, — ^The  formations  described 
in  this  chapter,  have,  in  the  case  of  Chiloe  and  probably 
in  that  of  Concepcion  and  Navidad,  apparently  been 
accumulated  in  troughs  formed  by  submarine  ridges 
extending  parallel  to  the  ancient  shores  of  the  continent ; 
in  the  case  of  the  islands  of  Mocha  and  Haafo  it  is 
highly  probable,  and  in  that  of  Ypun  and  Lemns  almost 
certain,  that  they  were  accumulated  round  isolated 
rocky  centres  or  nuclei,  in  the  same  manner  as  mud 
and  sand  is  now  collecting  round  the  outlying  islets 
and  reefs  in  the  West  Indian  archipelago.  Hence,  I 
may  remark,  it  does  not  follow  that  the  outlying  ter- 
tiary masses  of  Mocha  and  Huafo  were  ever  continuously 
united  at  the  same  level  with  the  formations  on  the 
mainland,  though  they  may  have  been  of  contempora- 
neous origin,  and  been  subsequently  upraised  to  the 
same  height.  In  the  more  northern  parts  of  Chile,  the 
tertiary  strata  seem  to  have  been  separately  accumu- 
lated in  bays,  now  forming  the  mouths  of  valleys. 

The  relation  between  these  several  deposits  on  the 
shores  of  the  Pacific,  is  not  nearly  so  clear  as  in  the 
case  of  the  tertiary  formations  on  the  Atlantic.  Judging 
from  the  form  and  height  of  the  land  (evidence  which 
I  feel  sure  is  here  much  more  trustworthy  than  it  can 
be  in  such  broken  continents  as  that  of  Europe),  from 
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the  identity  of  mineralogical  composition,  from  the 
presence  of  fragments  of  lignite  and  of  ailicified  wood, 
and  from  the  intercalated  layers  of  imperfect  coal,  I 
must  believe  that  the  coast-formations  from  central 
Chiloe  to  Concepcion,  a  distance  of  400  milea,  are  of 
the  same  age :  from  nearly  similar  reasons,  I  suspect 
that  the  beds  of  Mocha,  Huafo,  and  Ypun,  belong  also 
to  the  same  period.  The  commonest  shell  in  Mocha 
and  Huafo  is  the  same  species  of  Turritella ;  and  I 
believe  the  same  Cythera;a  is  found  on  the  islands  of 
Huafo,  Chiloe,  and  Ypun ;  but  with  these  trifling  ex- 
ceptions, the  few  organic  remains  found  at  these  places 
are  diatinct.  The  numerons  shells  from  Navidad,  with 
the  exception  of  two,  namely,  the  Sigaretua  and  Tur- 
ritolla  fonud  at  Ypun,  are  likewise  diatinct  from  those 
found  in  any  other  part  of  this  coast.  Coqnimbo  has 
Gardium  aura  in  common  with  Concepcion,  and  Fiwt« 
Ghryanus  with  Huafo ;  I  may  add,  that  Coqnimbo  has 
Venvs  petUiana,  and  a  gigantic  oyster  (said  by 
M.  d'Orbigny  also  to  be  found  a  little  south  of  Concep- 
cion) in  common  with  Payta,  though  this  latter  place 
is  situated  twenty-two  degrees  northward  of  lat,  27",  to 
which  point  the  Coquimbo  formation  extends. 

From  these  facts,  and  from  the  generic  resemblance 
of  the  fossils  from  the  different  localities,  I  cannot  avoid 
the  suspicion  that  they  all  belong  to  nearly  the  same 
epoch,  which  epoch,  as  we  shall  immediately  see,  must 
bo  a  very  ancient  tertiary  one.  But  as  the  Baciilite, 
especially  considering  its  apparent  identity  with  the 
Cretaceona  Pondicherry  species,  and  the  presence  of  an 
Ammonite,  and  the  resemblance  of  the  Nautilna  to  two 
upper  greensand  apeciea,  together  afford  very  strong 
evidence  that  the  formation  at  Concepdon  is  a  Secondary 
one ;  I  will,  in  my  remarks  on  the  fossils  from  the  other 
localities,  put  on  one  side  those  from  Concepcion  and 
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from  Eastern  Chiloe,  which,  whatever  their  age  may  be, 
appear  to  me  to  belong  to  one  group.  I  mnst,  however, 
again  call  attention  to  the  fact  that  the  Cardium  awa 
is  found  both  at  Concepcion  and  in  the  undoubtedly 
tertiary  strata  of  Coquimbo :  nor  should  the  possibility 
be  overlooked,  that  as  Trigonia,  though  known  in  the 
Northern  Hemisphere  only  as  a  Secondary  genus,  has 
living  representatives  in  the  Australian  seas,  so  a  Bacu- 
lite.  Ammonite,  and  Trigonia  may  have  survived  in  this 
remote  part  of  the  Southern  Ocean  to  a  somewhat  later 
period  than  to  the  north  of  the  equator. 

Before  passing  in  review  the  fossils  from  the  other 
localities,  there  are  two  points,  with  respect  to  the  for- 
mations between  Concepcion  and  Chiloe,  which  deserve 
some  notice.  First,  that  though  the  strata  are  generally 
horizontal,  they  have  been  upheaved  in  Chiloe,  in  a  set 
of  parallel  anticlinal  and  uniclinal  lines  ranging  north 
and  south, — in  the  district  near  P.  Rumena  by  eight 
or  nine  far-extended,  most  symmetrical,  uniclinal  lines 
ranging  nearly  east  and  west, — and  in  the  neighbourhood 
of  Concepcion  by  less  regular  single  lines,  directed  both 
NE.  and  SW.,  and  N W.  and  SE.  This  fact  is  of  some 
interest,  as  showing  that  within  a  period  which  cannot 
be  considered  as  very  ancient  in  relation  to  the  history 
of  the  continent,  the  strata  between  the  Cordillera  and 
the  Pacific  have  been  broken  up  in  the  same  variously- 
directed  manner  as  have  the  old  plutonic  and  meta- 
morphic  rocks  in  this  same  district.  The  second  point 
is,  that  the  sandstone  between  Concepcion  and  Southern 
Chiloe  is  everywhere  lignitiferous,  and  includes  much 
silicified  wood;  whereas  the  formations  in  Northern 
Chile  do  not  include  beds  of  lignite  or  coal,  and  in  place 
of  the  fragments  of  silicified  wood  there  are  silicified 
bones.  Now,  at  the  present  day,  from  Cape  Horn  to 
near  Concepcion,  the  land  is  entirely  concealed  by  forests, 
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which  thin  oat  at  ConcepcioD,  and  in  centnil  and 
Northern  Chile  entirely  disappear.  This  coincidence  in 
the  distribution  of  the  fossil  wood  and  the  liring  foreata 
may  be  quite  accidental ;  bnt  1  incline  to  take  a  diife- 
runt  view  of  \%\  for,  as  the  difference  in  climate,  on 
which  the  presence  of  forests  depends,  is  here  obvionaly 
in  chief  part  due  to  the  form  of  the  land,  and  aa  the 
Cordillera  undoubtedly  eiiated  when  the  lignitiferooa 
beds  were  accumulating,  I  conceive  it  ie  not  improbable 
that  the  climate,  during  the  lignitiferous  period,  varied 
on  difierent  parts  of  the  coast  in  a  somewhat  similar 
manner  as  it  now  does.  Looking  to  an  earlier  epoch, 
when  the  strata  of  the  Cordillera  were  depositing,  there 
were  islands  which  even  in  the  latitude  of  Northern 
Chile,  where  now  all  is  irreclaimably  desert,  supported 
large  coniferous  forests. 

Seventy-nine  species  of  fossil  shells,  in  a  tolerably 
recognisable  condition,  from  the  coast  of  Chile  and  Peru, 
are  described  in  this  volume,  and  in  the  Palieontological 
part  of  M.  d'Orbigny's  '  Voyage ' ;  if  we  put  on  one  side 
the  twenty  species  exclusively  found  at  Concepcion  and 
Chiloe,  fifty-nine  species  from  Navidad  and  the  other 
specified  localities  remain.  Of  these  fifty-nine  species 
only  an  Artemis,  a  Mytilus,  and  Batanus,  all  from 
Coquimbo,  are  (in  the  opinion  of  Mr.  Sowerby,  bat  not 
in  that  of  M,  d'Orbigny)  identical  with  living  shells ; 
and  it  would  certainly  require  a  better  series  of  speci- 
mens to  render  this  conclusion  certain.  Only  the 
yWrifeUa  Chilensis  from  Huafo  and  Mocha,  the  T. 
Paliigonica  and  Venus  meridwnalis  from  Navidad, 
come  very  near  to  recent  South  American  shells,  namely, 
the  two  Turritellas  to  T.  dngulata,  and  the  Venus  to 
V.  axalbida:  some  few  other  species  come  rather  less 
near;  and  eoniQ  few  resemble  forms  in  the  older  Euro- 
pean tertiary  deposits:  none  of  the  species    resemble 
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secondary  forma.  Hence  I  conceive  there  can  be  no 
doabt  that  these  formations  are  tertiary, — a  point  ne- 
cessary to  consider,  after  the  case  of  Concepcion.  The 
fifty-nine  species  belong  to  thirty-two  genera ;  of  these, 
Gastridinm  is  extinct,  and  three  or  four  of  the  genera 
(viz.  Panopeea,  Rostellaria,  Corbis?,  and  I  believe 
Solecnrtns)  are  not  now  foand  on  the  west  coast  of  South 
America.  Fifteen  of  the  genera  have  on  this  coast 
living  representatives  in  about  the  same  latitudes  with 
the  fossil  species;  but  twelve  genera  now  range  very 
differently  to  what  they  formerly  did.     The  idea  of  the 


Genera,  with  liring  and 

Latitndes.  in  which  found 

Sonthemmost  latitude,  in 

tertiary  species  on   ih* 

fossil  on  the  coasts  of 

which  found  living  on  the 

west  coast  of  Sw  America 

C'hiie  and  Peru 

•  est  ooa-tt  of  S.  America 

Bulla    . 

80°  to  4i;°  30* 

i::^  near  Lima 

Cassis      .        .     . 

34° 

1°37' 

Pyrula .        • 

34°  (and  36**  SC  at 
Concepcion) 

6°  Payta 

Fusus      .        .     . 

30°  to  43°  3^ 

23°  Mexillones;  re- 
appears at  the  8t. 
of  Magellan 

Plenrotoma  . 

34<»  to  43°  30' 

2°  18'  St.  Elena 

Terebra    .         .     . 

34° 

5°  Payta 

Sigaretus 

34°  to  44°  SC 

12°  Lima 

Anomia    .        •    . 

30° 

7°  48' 

Pcma  . 

30° 

1°  23'  Xixappa 

Cardiam  .        .    . 

30^  to  34°  (and  36° 
30'  at  Concepcion) 

5°  Payto 

Artemis        • 

30° 

6°  Payta 

Voluta     .        .    . 

34°  to  44°  SC 

Mr.  Caming  does 
not  know  of  any 
species  living  on 
the  west  coast, 
between  the  equa- 
tor and  lat.  43° 
south;  from  this 
latitude  a  species 
is  found  as  far 
south     as    Tieria 

del  Fuego. 

*  M.  d'Orbigny  states  that  the  genus  Natica  is  not  found  on  the 
coast  of  Chile ;  but  Mr.  Cuming  found  it  at  Val|iaraiso.  Scalaria 
was  found  at  Valparaiso;  Area,  at  Iquique,  in  lat.  20°,  by  Mr. 
Cuming ;  Area,  ako,  was  found  by  Capt.  King,  at  Juan  Femandeii 
in  lat.  33°  SO'. 
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table  on  the  previous  page,  in  which  the  diU^t^reucu 
between  the  extension  in  latitude  of  the  fossil  and  existing 
species  is  shown,  is  taken  fron?  M.  d'Orbigny's  work  ;  but 
the  range  of  the  living  shells  is  given  on  the  authority 
of  Mr.  Cuming,  whose  long-continued  researches  on  the 
conchology  of  South  America  are  well  known. 

When  we  consider  that  very  feiv,  if  any,  of  the  fifty- 
nine  fossil  shells  are  identical  with,  or  make  any  close 
approach  to,  living  species ;  when  we  consider  that  some 
of  the  genera  do  not  now  exist  on  the  west  coast  of 
South  America,  and  that  no  less  than  twelve  genera  ont 
of  the  thirty-two  formerly  ranged  very  differently  from 
the  existing  species  of  the  same  genera,  we  must  admit 
that  these  deposits  are  of  considerable  antiquity,  and 
that  they  probably  verge  on  the  commencement  of  the 
tertiary  era.  May  we  not  venture  to  believe,  that  they 
are  of  nearly  contemporaneous  origin  with  the  Eocene 
formations  of  the  Northern  Hemisphere  ? 

Comparing  the  fossil  remains  from  the  coast  of  Chile 
(leaving  out,  as  before,  Concepcion  and  Chiloe)  with 
those  from  Patagonia,  we  may  conclude,  from  their 
generic  resemblance,  and  from  the  small  number  of  the 
species  which  from  either  coast  approach  closely  to 
living  forms,  that  the  formations  of  both  belong  to 
nearly  the  same  epoch ;  and  this  is  the  opinion  of  M. 
d'Orbigny.  Had  not  a  single  fossil  shell  been  common 
to  the  two  coasts,  it  could  not  have  been  argued  that 
tihe  formations  belonged  to  different  ages ;  for  Messrs. 
Cuming  and  Hinds  have  fonnd,  on  the  comparison  of 
nearly  2,000  living  species  from  the  opposite  sides  of 
South  America,  only  one  in  common,  namely,  the  Vur- 
pura  lapiUits  from  both  sides  of  the  Isthmus  of  Panama : 
even  the  shells  collected  by  myself  amongst  the  Chonoa 
Islands  and  on  the  coast  of  Patagonia,  are  dissimilar, 
and  we  most  descend  to  the  apex  of  the  continent,  to 


412  Tertiary  Formations :  fabt  n 

Tierra  del  Fuego,  to  find  these  two  great  conchological 
provinces  united  into  one.  Hence  it  is  remarkable  that 
four  or  five  of  the  fossil  shells  from  Navidad,  namely, 
Valuta  alta^  Twrritella  Patagonicay  Trockus  coHcuriSj 
Venus  meridionaliSy  perhaps  Naiica  solida^  and  per- 
haps the  large  oyster  from  Coquimbo,  are  considered  by 
Mr.  Sowerby  as  identical  with  species  from  Santa  Crnz 
and  Port  Desire.  M.  d'Orbigny,  however,  admits  the 
perfect  identity  only  of  the  Trochus. 

On  the  Temperature  of  the  Tertiary  Period, — As 
the  number  of  the  fossil  species  and  genera  firom  the 
western  and  eastern  coasts  is  considerable,  it  will  be 
interesting  to  consider  the  probable  nature  of  the 
climate  under  which  they  lived.  We  will  first  t^ke  the 
case  of  Navidad,  in  lat.  34",  where  thirty-one  species 
were  collect/ed,  and  which,  as  we  shall  presently  see, 
must  have  inhabited  shallow  water,  and  therefore  will 
necessarily  well  exhibit  the  efiects  of  temperature. 
Referring  to  the  Table  given  in  the  previous  page,  we 
find  that  the  existing  species  of  the  genera  Cassis, 
Pyrula,  Pleurotoma,  Tercbra,  and  Sigaretus,  which  are 
generally  (though  by  no  means  invariably)  characteristic 
of  warmer  latitudes,  do  not  at  the  present  day  range 
nearly  so  far  south  on  this  line  of  coast  as  the  fossil 
species  formerly  did.  Including  Coquimbo,  we  have 
Perna  in  the  same  predicament.  The  first  impression, 
from  this  fact  is,  that  the  climate  must  formerly  have 
been  warmer  than  it  now  is;  but  we  must  be  very 
cautious  in  admitting  this,  for  Cardium,  Bulla,  and 
Fusus  (and,  if  we  inclade  Coquimbo,  Anomia  and 
Artemis)  likewise  formerly  ranged  farther  south  than 
they  now  do ;  and  as  these  genera  are  far  from  being 
characteristic  of  hot  climates,  their  former  greater 
southern  range  may  well  have  been  owing  to  causes 
quite  distinct   fix)m   climate :   Yoluta,   again,   though 
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generally  so  tropicnl  a  genns,  is  at  present  confined  on 
the  west  coast  to  colder  or  more  soutiiem  latitudes  than 
it  was  dnriDg  the  tertiary  period.  The  Trochus  eoUaris, 
moreover,  and,  as  we  have  jnst  Been  according  to  Mr. 
Sowerby,  two  or  three  other  species,  formerly  ranged 
from  Navidad  as  far  south  ae  Santa  Cruz  in  lat.  50°.  If^ 
instead  of  comparing  the  fossils  of  Navidad,  as  we  have 
hitherto  done,  with  the  shells  now  living  on  the  west 
coast  of  South  America,  we  compare  them  with  those 
found  in  other  parts  of  the  world,  nnder  nearly  similar 
latitudes;  for  instance,  in  the  southern  parts  of  the 
Mediterranean  or  of  Australia,  there  is  no  evidence 
that  the  sea  oS  N&vidad  was  formerly  hotter  than  what 
might  have  been  expected  from  its  latitude,  even  if  it 
was  somewhat  warmer  than  it  now  is  when  cooled  by 
the  great  southern  polar  current.  Several  of  the  most 
tropical  genera  have  no  representative  foesils  at  Navi- 
dad ;  and  there  are  only  single  species  of  Cassis,  Fyrula, 
and  Sigaretus,  two  of  Pleurotoma  and  two  of  Terebra, 
but  none  of  these  species  are  of  conspicuous  size.  In 
Patagonia,  there  is  even  still  lees  evidence  in  the 
character  of  the  fossils,  of  the  climate  having  been 
formerly  warmer.'  As  from  the  various  reasons  already 
assigned,  there  can  be  little  doubt  that  the  formations 
of  Patagonia  and  at  least  of  Navidad  and  Coquimbo  in 
Chile,  are  the  equivalents  of  an  ancient  stage  in  the 
tertiary  fonnations  of  the  northern  hemisphere,  the 
conclusion  that  the  climate  of  the  southern  seas  at  this 
period  was  not  hotter  than  what  might  have  been  ex- 
pected from  the  latitude  of  each  place,  appears  to  me 
highly  important ;  for  we  must  believe,  in  accordance 

■  It  nay  be  worth  while  t«  mention  that  the  sbellB  living  at  Iha 
present  day  on  tbU  eaftem  side  of  B.  Ameiicii,  in  lat.  40°,  havs 
perbaps  a  more  tropical  oharaoter  than  tbosa  in  coirespondiog 
laiitodea  on  the  shorea  of  Borope :  toi  at  Bahia  BlaccM  and  8,  Bias, 
then  ere  two  ftne  apedea  of  Volnta  and  font  of  Olin. 
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with  the  views  of  Mr.  Lyell,  that  the  causes  which  gave 
to  the  older  tertiary  prodactions  of  the  quite  temperate 
Bones  of  Europe  a  tropical  character,  were  0/  a  lotiA 
character  and  did  nof  affect  the  entire  gldie.  On  the 
other  hand,  I  have  endeavoured  to  show,  in  the  '  Geo- 
logical TraDsactions,'  that,  at  a  much  later  period,  Europe 
and  North  and  South  America  were  nearly  contemporar 
iieoualy  subjected  to  ic&-action,  and  consequently  to  a 
colder,  or  at  least,  more  equable  climate  thau  that  now 
characteristic  of  the  same  latitudes. 

On  Ihe  Absence  of  extensive  modorn,  Conckiferout 
Deposits  in  Sovth  America;  and  on  tlie  Contemjio~ 
raneouaness  of  the  older  Tertiary  Deposits  at  distant 
fioints  being  due  to  contemporaneovs  movements  of 
suliwl'-.iice. — Knowing  from  the  researches  of  Professor 
E.  Forbes,  that  molluscous  animals  chitiSy  abound 
within  a  depth  of  100  fathoms  aud  under,  and  bearing 
in  mind  how  many  thousand  miles  of  both  coasts  of 
South  America  have  been  upraised  within  the  recent 
period  by  a  slow,  long-continued,  intermittent  move- 
moiit, — seeing  the  diversity  in  nature  of  the  shoreB  and 
the  number  of  shells  now  livizig  on  them, — seeing  also 
that  the  sea  off  Patagonia  and  off  many  parts  of  Chile, 
was  during  the  tertiary  period  highly  favourable  to  the 
Bccunmlation  of  sediment, — the  absence  of  extensive 
deposita  including  recent  shells  over  these  vast  spaces 
of  coast  is  highly  remarkable.  The  conchiferous  cal- 
careous beds  at  Coquimbo,  and  at  a  few  isolated  points 
northward,  offer  the  most  marked  exception  to  this 
statement;  for  these  beds  are  from  twenty  to  thirty 
feet  in  thickness,  and  they  stretch  for  some  miles  along 
shore,  attaining,  however,  only  a  very  trifling  breadth. 
At  Valdivia  there  is  some  sandstone  with  imjierfeot  costs 
of  shelle,  which  possibly  may  belong  to  the  recent  period : 
parts  of  the  boulder  formation  aud  the  shingle-beda  on 
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the  lower  plains  of  rata^.inia  probably  belong  to  Ihis 
Bame  period,  but  neither  are  fossiliferons:  it  also  »> 
happens  that  the  great  Pain]w>an  formation  does  not  in- 
dnde,  with  the  exception  of  the  Azara,  any  mollnsica. 
There  cannot  be  the  smallefit'  doabt  that  the  npraised 
Ehella  along  the  shores  of  ib&  Atlantic  and  Paciiio. 
whether  Mng  on  the  bare  snrface,  or  embi^ded  in  mould 
or  in  sand- hill  octs,  will  in  the  conrse  of  ag«s  be  distroved 
by  allnrial  action :  this  probably  will  be  the  c.ise  eve4i 
wiUi  the  calcareons  beds  of  Coqntmbo,  so  liable  to  dis- 
Bolntion  by  rain-water.  If  we  tafee  into  consideration 
the  probability  of  oscillations  of  level  and  tlie  ci^nse* 
qaent  action  of  the  tidal  wares  at  different  hei};lit«, 
their  destmction  will  appear  almost  certain.  Looking 
to  an  epoch  as  far  distant  in  futurity  as  we  now  an- 
from  the  past  Miocene  period,  there  seems  to  me  scfttwly 
a  chance,  under  existing  conditions,  of  the  nunion>ua 
shells  now  living  in  those  zones  of  depths  moi^t  ferlilo 
in  life,  and  found  eiclusively  on  the  western  and  south- 
easteni  coasts  of  South  America,  being  pn.'served  to  tiiis 
imaginary  distant  epoch.  A  whole  couchokigical  series 
will  in  time  be  swept  away,  with  no  memorials  of  their 
existence  preserved  in  the  earth's  crust. 

Can  any  light  be  thrown  on  this  remarkable  absence 
pf  recent  conchiferous  deposits  on  these  coasts,  on  which, 
at  an  ancient  tertiary  epoch,  strata  abounding  with 
oi^anic  remains  were  extensively  accumulated  ?  I  think 
there  can,  namely,  by  considering  the  conditions  neces- 
sary for  the  preservation  of  a  formation  to  a  dixlnnt 
age.  LoQking  to  the  enormous  amount  of  dettudntion 
which  on  all  sides  of  ns  has  been  effected, — as  evi- 
denced by  the  lofly  cUfTa  cutting  off  on  so  many  coasts 
horizontal  and  once  far-extended  strata  of  no  great 
mtiquity  (as  in  the  case  of  Patagonin), — as  evidenced 
by  the  level  surface  of  the  groond  on  both  sides  of  great 
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fanlta  and  dislocations, — by  inland  lines  of  escarpments, 
by  outliers,  and  numberless  other  facts,  and  by  that 
argument  of  high  generality  advanced  by  Mr.  Lyell, 
namely,  that  every  sedimentary  formation,  whatever  its 
thickness  may  be,  and  over  however  many  hundred 
square  miles  it  may  extend,  is  the  result  and  the  measure 
of  an  equal  amount  of  wear  and  tear  of  pre-existing 
formations ;  considering  these  facts,  we  must  conclude 
that,  as  an  ordinary  rule,  a  formation  to  resist  such  vast 
destroying  powers,  and  to  last  to  a  distant  epoch,  must 
be  of  wide  extent,  and  either  in  itself,  or  together  with 
superincumbent  strata,  be  of  great  thickness.  In  this 
discussion,  we  are  considering  only  formations  contain- 
ing the  remains  of  marine  animals,  which,  as  before 
mentioned,  live,  with  some  exceptions,  within  (most  of 
them  much  within)  depths  of  a  hundred  fathoms.  How, 
then,  can  a  thick  and  widely  extended  formation  be 
accumulated,  which  shall  include  such  organic  remains  ? 
First,  let  us  take  the  case  of  the  bed  of  the  sea  long  re- 
maining at  a  stationary  level :  under  these  circumstances 
it  is  evident  that  conchiferous  strata  can  accumulate 
only  to  the  same  thickness  with  the  depth  at  which 
the  shells  can  live ;  on  gently  inclined  coasts  alone  can 
they  accumulate  to  any  considerable  width ;  and  from 
the  want  of  superincumbent  pressure,  it  is  probable 
that  the  sedimentary  matter  will  seldom  be  much  con- 
solidated :  such  formations  have  no  very  good  chance, 
when  in  the  course  of  time  they  are  uprais^ed,  of  long 
resisting  the  powers  of  denudation.  The  chance  will 
be  less  if  the  submarine  surface,  instead  of  having  re- 
mained stationary,  shall  have  gone  on  slowly  rising 
during  the  deposition  of  the  strata,  for  in  this  case  their 
total  darkness  must  be  less,  and  each  part,  before  being 
consolidated  or  thickly  covered  up  by  superincumbent 
natter,  will  have  had  successively  to  pass  through  the 
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ordeal  of  the  beach ;  and  on  most  coasts,  the  waves  on 
tie  beach  tend  to  wear  Aaiia  and  disperse  every  object 
exposed  to  their  action.  Now,  both  on  the  south-eart^ro 
and  western  shores  of  South  America,  we  have  had  clear 
proofs  that  the  land  has  been  slowly  rising,  and  in  the 
long  lines  of  lofty  clifls,  we  have  seen  that  the  tendency 
of  the  sea  is  almost  everywhere  to  eat  into  the  land. 
GoDsideriDg  these  facts,  it  ceases,  I  think,  to  be  sur- 
prising, that  extensive  recent  conchiferous  deposits  are 
entirely  absent  on  the  soathem  and  western  shores  of 
America. 

Let  ns  take  the  one  remaining  case,  of  the  bed  of 
Uie  sea  slowly  subsiding  dnring  a  length  of  time,  whilst 
sediment  has  gone  os  being  deposited.  It  is  evident 
that  strata  might  thna  accumulate  to  any  thickness,  each 
stratum  being  deposited  in  shallow  water,  and  conse- 
qnently  abonnding  with  those  shells  which  cannot  live 
at  great  depths :  the  pressare,  also,  I  may  observe,  of 
each  &esh  bed  would  aid  in  consolidating  all  the  lower 
ones.  Even  on  a  rather  steep  coast,  though  sach  must 
ever  be  unfavourable  to  widely  extended  deposits,  the 
formations  would  always  tend  to  increase  in  breadth 
from  the  water  encroaching  on  the  land.  Hence  we 
may  admit  that  periods  of  slow  subsidence  will  com- 
monly be  most  favourable  to  the  accumulation  of 
eonehifen'oug  deposits,  of  sufficient  thickness,  extension, 
and  hardness,  to  resist  the  avert^e  powers  of  denudation. 

We  have  seen  that  at  an  ancient  tertiary  epoch, 
fossiliferous  deposits  were  extensively  deposited  on  the 
coasts  of  South  America ;  and  it  is  a  very  interesting 
fact,  that  there  is  evidence  that  these  ancient  tertiary 
beds  were  deposited  daring  a  period  of  subsidence. 
Thus,  at  Navidad,  the  strata  are  about  800  feet  in  thick- 
ness, and  the  fossil  shells  are  abundant  both  at  the  level 
of  the  sea  and  some  way  np  the  cliffs ;  having  sent  a 
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list  of  these  fossils  to  Professor  E.  Forbes,  he  thinks 
they  must  have  lived  in  water  between  one  and  ten 
fathoms  in  depth:  hence  the  bottom  of  the  sea  on 
which  these  shells  once  lived  mnst  have  subsided  at 
least  700  feet  to  allow  of  the  snperincnmbent  matter 
being  deposited.  I  mnst  here  remark,  that,  as  all  these 
and  the  following  fossil  shells  are  extinct  species.  Pro- 
fessor Forbes  necessarily  judges  of  the  depths  at  which 
they  lived  only  from  their  generic  character,  and  from 
the  analogical  distribution  of  shells  in  the  Northern 
Hemisphere;  but  there  is  no  just  cause  from  this  to 
doubt  the  general  results.  At  Huafo  the  strata  are 
about  the  same  thickness,  namely,  800  feet,  and  Pro- 
fessor Forbes  thinks  the  fossils  found  there  cannot  have 
lived  at  a  greater  depth  than  fifty  fathoms,  or  300  feet. 
These  two  points,  namely,  Navidad  and  Huafo,  are  570 
miles  apart,  but  nearly  half-way  between  them  lies 
Mocha,  an  island  1,200  feet  in  height,  apparently  formed 
of  tertiary  strata  up  to  its  level  summit,  and  with  many 
shells,  including  the  same  Turritella  with  that  found 
at  Huafo,  embedded  close  to  the  level  of  the  sea.  In 
Patagonia,  shells  are  numerous  at  St.  Cruz,  at  the  foot 
of  the  350  feet  plain,  which  has  certainly  been  formed 
by  the  denudation  of  the  840  feet  plain,  and  therefore 
was  originally  covered  by  strata  that  number  of  feet  in 
thickness,  and  these  shells,  according  to  Professor 
Forbes,  probably  lived  at  a  depth  of  between  seven  and 
fifteen  fathoms :  at  Port  St.  Julian,  sixty  miles  to  the 
north,  shells  are  numerous  at  the  foot  of  the  ninety  feet 
plain  (formed  by  the  denudation  of  the  950  feet  plain), 
and  likewise  occasionally  at  the  height  of  several  hundred 
feet  in  the  upper  strata ;  these  shells  must  have  lived  in 
water  somewhere  between  five  and  fifty  fathoms  in  depth. 
Although  in  other  parts  of  Patagonia  I  have  no  direct 
evidence  of  shoal-water  shells  having  been  buried  under 
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i.:TTr.:ii  :*;«■  k  xii: Ivrib.^  cI*:i:L»  iu^iinrir-i.  »ni  5* 
L^-b^^  c4  niles  ^;r:i.Triri:  se^:^^  This  uni:",r:i:iTv- 
of  iZT^yr:!^,  I  o:^;>ri  e  :t  nsj  re  iiirlv  o.t.-;,;.:^*!  iii« 
ll-r  s^'w!5e::ce  tr  wil'l  :i.e  sie"?  ai  Sinia  Crai  asd 
s:  J-'lis  »ere  carried  dcrn  i;-.i  cc-rerwi  sp.  iras  ni'4 
c>ji£2e>i  J3  the^e  two  prists,  bu:  w.is  oi>-*st*as:Te  with 
s  c:^5;d='r*b!e  p^rr.oa  of  li^  raiai:v»3iaa  teniaiy  fornia- 
tioa.  In  a  E:icoe<daff  chapter  it  will  be  s*ea.  that  wb 
are  led  to  a  cirr.ilaf  coaolosioa  with  r^peot  to  the 
KCODiJaij  foEEiIiier>:>u5  strata  <-f  the  Conliilera.  Dnm^lr, 
that  they  also  were  depi:>siietl  daring  a  long-conii:iUi'd 
and  great  period  c^  enbsid-^nce. 

From  the  foregoinff  reasi'iiine,  and  from  the  facts 
just  given,  I  think  we  mast  a-lmit  the  {irvK-tbilitv  of 
the  ftJIowing  proposition:  nameiy,  that  when  the  Ix-d 
of  the  sea  is  either  stationary  or  rising.  circnQistaiici*3 
are  far  lees  faronrable,  than  when  the  level  is  sinking, 
to  the  accumulation  of  eoiKh i/Vr>vs  .lejusits  of  ciilliciont 
thickness  and  estension  to  n-sir^t,  when  upho:»veii,  the 
average  vast  amount  of  denudation.  This  rei>iiU  apjx^ara 
to  me,  in  sereral  respetts,  very  interesting: :  evorjoiie  ia 
at  first  inclined  to  believe  that  at  innunierable  |H'iiita, 
wherever  there  is  a  supply  of  sediment,  f<.>ssilirfroii:i 
strata  are  now  forming,  which  at  some  futiin>  disiant 
epoch  will  be  upheaved  and  preserved ;  but  on  the  views 
above  given,  we  must  conclude  that  this  is  far  from 
being  the  case;  on  the  contrary,  we  rci]uire  (1st),  a 
long-continued  supply  of  sediment;  (2ud),  an  exlensive 
shallow  area;  and  (3nl),  that  this  nrt.'a  shall  slonly 
enbaide  to  a  great  depth,  so  as  to  admit  the  accun)ii1n- 
tion  of  a  widely-ezt«nded  thick  mass  of  Buperiucumbeut 
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strata.  In  how  few  parts  of  the  world,  probably,  do 
these  conditions  at  the  present  day  concur !  We  can 
thus,  also,  understand  the  general  want  of  that  close 
sequence  in  fossiliferous  formations  which  we  niight 
theoretically  have  anticipated ;  for,  without  we  suppotfo 
a  subsiding  movement  to  go  on  at  the  same  spot  during 
an  enormous  period,  from  one  geological  era  to  another, 
and  during  the  whole  of  this  period  sediment  to  accu- 
mulate at  the  proper  rate,  so  that  the  depth  should  not 
become  too  great  for  the  continued  existence  of  mollus- 
cous animals,  it  is  scarcely  possible  that  there  should  be 
a  perfect  sequence  at  the  same  spot  in  the  fossil  shells 
of  the  two  geological  formations.*  So  far  from  a  very 
long-continued  subsidence  being  probable,  many  facts 
lead  to  the  belief  that  the  earth's  surftice  oscillates  up 
and  down ;  and  we  have  seen  that  during  the  elevatory 
movements  there  is  but  a  small  chance  of  durable  fos- 
siliferous deposits  accumulating. 

Lastly,  these  same  considerations  appear  to  throw 
some  light  on  the  fact  fliat  certain  periods  appear  to 
have  been  favourable  to  the  deposition,  or  at  least  to 
the  preservation,  of  contemporaneous  formations  at  very 
distant  points.  We  have  seen  that  in  South  America 
an  enormous  area  has  been  rising  within  the  recent 
period;  and  in  other  quarters  of  tlie  globe  immense 
spaces  appear  to  have  risen  contemporaneously.  From 
my  examination  of  the  coral-rt'efs  of  the  grexit  oceans, 

'  Pro^'es^ior  If.  D.  Ro;r«'r'^»  in  his  excellent  ad<lress  to  the  Associa- 
tion of  Ain«-ri(."Hn  G(;ol{);ri>i.s(Siiii man's  *, Journal,*  vol.  xlvii.  p.  277), 
inak»»8  ihcj  followinjr  nrni.iik  :  *  I  fjuostion  if  we  arc  at  all  aware  how 
ctnnplftchf  \\u\  wlmlt*  history  of  all  departed  time  lies  indelibly  re- 
conlo-d  witii  the;  iimplest  minuteness  of  detail  in  the  successive 
Btidimirnts  of  the  j:lobe,  how  eireotually,  in  other  words,  every 
period  of  time  tia»  written  it»  vivn  //**^<;ry,  carefully  preserving  every 
cnyitcd  form  and  every  trace  of  action.*  I  think  the  correctness  of 
BU(^h  n-marksis  more  than  doubtful,  even  if  we  except  (as  I  suppose 
h(>  w(Miid)  all  those  uumorous  organic  forms  which  contain  no  hard 
|)art  a. 


\ 
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I  have  been  led  to  conclude  that  the  bed  of  the  sea  baa 
gone  on  slowly  sinking  within  the  present  era,  over  truly 
vast  areas :  this,  indeed,  is  in  itself  probable,  from  the 
eimp'e  fact  of  the  rising  areas  having  been  bo  large.  In 
South  America  we  have  distinct  evidence  that  at  nearly 
the  same  tertiary  period,  the  bed  of  the  sea  off  parts  of 
the  coast  of  Chile  and  off  Patagonia  was  sinking,  though 
these  regions  are  very  remote  from  each  other.  If, 
then,  it  holds  good,  as  a  general  rule,  that  in  the  same 
quarter  of  the  globe  the  earth's  crust  tends  to  sink  and 
ri.^ie  contemporaneously  over  vast  spaces,  we  can  at 
once  see,  that  we  have  at  distant  points,  at  the  Bamo 
period,  those  very  conditions  which  appear  to  be  p&- 
qnisite  for  the  accnmuiation  of  fossiliferous  masses  of 
sufficient  extension,  thickness,  and  hardness,  to  resist 
denudation,  and  consequently  to ,  last  unto  an  epoch 
distant  in  futurity.' 

'  Proresimr  Forbes  hns  some  admirable  remarks  on  th!a  subject, 
Inhis  'Bcporton  the  ShdU  of  tbe  J!;ean  Sea,'  In  a  Icuetto  Mr. 
Madaren  (' EtiLnbur.rh  New  Phil.  Journal,' January  1843),  I  partially 
entered  into  this  discos^jon,  and  endt^avoured  to  show  that  it  was 
higbl;  improbable,  that  upraised  st-tlls  or  barrier-reefs,  though  ot 
fn^ut  thickness,  shonld,  owing  to  their  small  cxtensioD  ot  broadtb, 
be  prucrveJ  to  a  distant  future  pcrkid. 
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CHAPTER  Xin. 

PLUTONIC  AND  METAMORPHIC  ROCKS: — CLEAVAGE  AND 

FOLIATION. 

jBrazilf  BaMa^  gveiu  with  difjninted  mrtamorphoted  dike* — Strike 
of  foliation — Hio  de  Janeint^  gneuig-graniU'^  embedded  frngmeHt 
i«,  deamipottition  ff — Im  Plata,  meiamjrjtfnc  and  old  rolrani*'  rocks 
of^S.  Ventana — Cloi/»tone  porphyry  ftrmatiun  of  Patagonia; 
lingular  met  amorphic  rocks;  tpeudo-dikct— Falkland  Island t^ 
paUtozvic  ft'SjiUs  of — Titrra  del  Fiie^jo,  clny-ilate  formatiun^ 
crcta,ccouM  fotiKiU  of  ;  clrarage  and  foliation  ;  form  of  land — ChoHos 
ArchipelayOt  mica  schistx,  foliation  dittftirbed  by  granitic  axU  ; 
dih'it — Chiloe — Conccpcion,  dil.ts,  sncrcjui  re  formation  tjf — Central 
and  Northern  Chile — (^kmcl tiding  remarks  on  clearage  and  folia- 
tion — 'J  heir  close  anabtgy  and  similar  origin — iSt  rat  iff  cation  of 
nietamorphic  schists — Foliation  of  intnisire  rocks — Relation  of 
cUavaye  ami  foliation  to  the  lines  of  tension  during  metamorphosis. 

The  TTietaTnorphic  and  plutonic  formntioTis  of  the  several 
districts  visited  by  the  Bear/le  will  be  here  chiefly 
treated  of,  but  only  such  cases  as  app(»ar  to  me  new,  or 
of  some  special  interest,  will  be  described  in  detail ;  at 
the  end  of  the  chapter  I  will  sum  up  all  the  facta 
on  cleavage  and  foliation, — to  which  I  particularly 
attended. 

Bahia,  Brazil:  hit.  13°  so^iih.  —  The  prevailing 
rock  is  gneii^s,  often  passing,  by  the  disappearance  of 
the  quartz  and  mica,  and  by  the  feldspar  losing  its 
red  colour,  into  a  brilliantly  grey  primitive  green- 
stone. Not  nnfrequently  quartz  and  hornblende  are 
arranged    in    layers    in    almost    amorphous   feldspar. 
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There  is  Bome  fine-grained  sjenitic  granite,  orbicularly 
marked  by  ferruginous  lines,  and  weathering  into 
vertical,  cylindrical  holea,  almost  touching  each  otiier. 
Id  the  gneiss,  concretions  of  granular  feldspar  and 
others  of  garnets  with  mica  occur.  The  gneiss  ia 
traversed  by  numerous  dikes  composed  of  black,  finely 
crystallised,  homblendic  rock,  containing  a  little  glassy 
feldspar  and  sometimes  mica,  and  varying  in  thickness 
from  mere  threads  to  ten  feet :  these  threads,  which 
are  often  curvilinear,  could  sometimes  be  traced  running 
into  the  larger  dikes.  One  of  tlieae  dikes  was  remark- 
able from  having  been  in  two  or  three  places  laterally 
disjointed,  with  unbroken  gneiss  interposed  between 
the  broken  ends,  and  in  one  part  with  a  portion  of  the 
gneiss  driven,  apparently  whilst  in  a  softened  state, 
into  its  side  or  wall.  In  several  neighbouring  places, 
the  gneiss  included  angular,  well-defined,  sometimes 
bent,  masses  of  hornblende  rock,  quite  like,  except  in 
being  more  perfeclly  crystallised,  that  forming  the 
dikes,  and,  at  least  in  one  instance,  cont^aining  (oa 
d-tennined  by  Professor  Miller)  augite  as  well  aa 
hornblende.  In  one  or  two  cases  these  angular  masses, 
though  now  quite  separate  from  each  other  by  the  solid 
gneiss,  had,  from  their  exact  correspondence  in  size 
and  shape,  evidently  once  been  united ;  hence  I  cannot 
doubt  that  most  or  all  of  the  fragments  have  been 
derived  from  the  breaking  np  of  the  dikes,  of  which  wa 
see  the  first  stage  in  the  abov&-mentioned  laterally 
disjiinted  one.  The  gneiss  close  to  the  fragments 
generally  contained  many  large  crystals  of  hornblende, 
which  are  entirely  absent  or  rare  in  other  parts:  its 
folia  or  lamince  were  gently  bent  round  the  fragments, 
in  the  same  manner  as  they  sometimes  are  round  concre- 
tions. Hence  the  gneisa  haa  certainly  been  softened, 
its  compoeition  modified,  and  ita  folia  arranged,  snb- 
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5equently  to  the  breaking  up  of  the  dikes  J  these  latter 
also  having  been  at  the  same  time  bent  and  &>ftened. 

I  must  here  take  the  opportunity  of  premising, 
that  by  the  term  cleacdge,  I  imply  those  planes  of 
division  which  render  a  rock,  appearing  to  the  eye 
quite  or  nearly  homogeneous,  fissile.  By  the  term  fuli^  - 
tion,  I  refer  to  the  layers  or  plates  of  different  minera- 
logical  nature  of  which  most  metaraorphic  schists  are 
composed;  there  are,  also,  often  included  in  such 
masses,  alternating,  homogeneous,  fissile  layers  or  folia, 
and  in  this  case  the  rock  is  both  foliated  and  has  a 
cleavage.  By  stratification^  as  applied  to  these  forma- 
tions, I  mean  those  alternate,  panillel,  large  ma:>8es  of 
different  composition,  which  are  themselves  frequently 
either  foliated  or  fisi^ile, — such  as  the  alternating  so- 
called  strata  of  mica-slate,  gneiss,  glossy  clay-slate,  and 
marble. 

The  folia  of  the  gneiss  within  a  few  miles  round 
Bahia  generally  strike  irregularly,  and  are  often  cur- 
vilinear, dipping  in  all  directions  at  various  angles: 
but  vvhrre  best  dclined,  they  extended  most  frequently 
in  a  NK.  by  N.  for  Kast  50°  N.)  and  SW.  by  S.  line, 
com-sponding  nearly  with  the  coast-line  northwards 
of  the  bay.  1  may  add  that  ^[r.  Gardner^  found  in 
B(?vcral  parts  of  the  province  of  Coara,  which  lies 
between  400  and  000  miles  north  of  Bahia,  gneiss  with 
the  folia  extending  E.  io^  X. ;  and  in  Guyana,  accord- 
ing to  Sir  R.  Schomburgk,  the  same  rock  strikes  E. 
•")7°  N.  Again,  IluiiiboUlt  dr\s(*ril)rs  the  gneiss-granite 
over  an  immense  area  in  Venezuela  and  even  in  Colombia, 
as  striking  E.  50^^  N.,  and  dipping  to  the  NW.  at  an 

'  Professor  Hitchcock  (*Geolog.  of  iM;i.-saclinseits,'  vol.  ii.  p.  67H) 
gives  a  cloaely  similar  Ccose  of  a  greenstone  dikt)  in  syenite. 

*  *  Geological  Section  of  the  Brii.  Assoc*  l«  10.  For  Sir  R.  Schora- 
burgk's  observations,  see  *Uoograph.  Journal,'  1842,  p,  190.  See 
aliiu  Humboldt's  discussion  on  Loxodrism  in  the '  Personal  Narrative.' 
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angle  of  fifty  degrees.  Hence  all  the  observations 
hitherto  made  teud  to  Ghovr  that  the  gneissic  rocks 
over  the  whole  of  this  part  of  the  continent  have  their 
folia  extending  generally  within  almost  a  point  of  the 
compass  of  the  same  direction.' 

Rio  de  Janeiro. -^Th\&  whole  district  is  almost 
exclusively  formed  of  gneiss,  abounding  with  garnets, 
and  porphyritic  with  large  crystuU,  eveQ  three  and  four 
inches  in  length,  of  orthoclase  feldspar:  in  these 
crystals  mica  and  garnets  are  often  enclosed.  At  the 
western  base  of  the  Corcovado,  there  is  some  ferruginous 
carious  quartz-rock;  and  in  the  Tijeuka  range,  much 
tine-grained  granite.  I  observed  boulders  of  greenstone 
in  several  places ;  and  on  the  islet  of  Villegognou,  and 
likewise  on  the  coast  some  miles  northward,  two  large 
trappean  dikes.  ■  The  porphvritic  gneiss,  or  gneiss- 
granite  as  it  has  been  called  by  Humboldt,  is  only  so 
far  foliated  that  the  constituent  minerals  are  arranged 
with  a  certain  degree  of  regularity,  and  may  be  said  to 
have  a  '  grain,'  bub  they  are  not  separated  into  distinct 
folia   or    lamina).     There   are,   however,   several    other 

■  I  landed  at  only  one  place  Dortb  of  Rahia,  naniolT,  nt  Pernani- 
bnco.  I  found  thera  only  B"!t,  boTix  ■ntally  stDiiiried  matrer, 
formed  from  diniritLj^raled  ^anitic  rocks,  nod  soum  yullonisb  im- 
pure limcshiae,  prutiably  of  a  tertiary  "poth.  I  havo  dtdcribed  a 
most  sin|j;u]Br  outurul  bar  of  burd  sanilstone,  which  prutiM:t<i  the 
b^rbour.iatheAppendixtoiDy  work,  'Tbe&tructureaud  UistTibuiioo 
of  Coral  ReeSa,'  2ail  edit.  p.  ^{ia. 

Abbolhob  Ibleth.  lot.  18°  S.  "g  tite  coatt  of  Anz^JI.— Althongh 
Dot  itrictlyln  plHcc,  I  do  not  kaow  wherelcun  luorecoDveDienily 
describe  this  littlu  group  of  suiuti  islands.  Tba  lowest  bed  is  a 
(■aiid'ioDO  wiib  lerruginons  veins  ;  it  weathers  into  an  extraordinary 
Liiney-combed  mass  ;  above  it  there  is  a  diirk-colouri^  argillaceous 
iliule  ;  above  this  a  coar.ser  sandstone — making  a  total  thickness  of 
about  sixty  feet :  anil  liutly,  above  these  awlinientnry  lieds.  there  ie 
a  lilie  uunfurntiibie  mass  of  greenatune,  in  some  ]inrtH  liikvjji);  a 
oolumnar  structure.  All  the  Birata,  as  well  aa  the  surface  of  the 
land,  dip  at  an  hhkIo  of  ab.mt  12°  to  N.  by  W.  Some  ot  the  islets 
are  coinjvsed  entirely  of  the  sediuienlajy,  others  of  the  trappean 
rocks,  i^eiierally,  however,  wilb  the  sandstones  cropping  out  oath* 
■nutheru  stuiTea. 
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varieties  of  gneiss  regularly  foliated,  and  alternating 
with  each  other  in  so-called  strata.  The  stratification 
and  foliation  of  the  ordinary  gneisses,  and  the  folia- 
tion or  'grain'  of  the  gneiss-granite,  are  parallel  to 
each  other,  and  generally  strike  within  a  point  of  NE. 
and  y\V.  dipping  at  a  high  angle  (between  50°  and  60°) 
generally  to  SE. :  so  that  here  again  wo  meet  with  the 
strike  bo  prevalent  over  the  more  narthern  parts  of  this 
continent.  The  mountains  of  gneiss-granite  are  to  a 
remarkable  degree  abruptly  conical,  which  seems  caused 
by  the  rock  tending  to  exfoliata  in  thick,  conically 
concentric  layers :  these  peaks  resemble  in  shape  those 
of  phono  lite  and  other  injected  rocks  on  volcanic 
islands;  nor  is  the  grain  or  foliation  (as  we  shall  after- 
wards si'fi)  any  dilliculty  on  the  ide-a  of  the  gneiss- 
granite  having  been  an  intrusive  rather  than  a  meta- 
morphic  formation.  The  lines  of  mountains,  but  not 
always  each  separate  hill,  riiugo  nuarly  in  the  snme 
direction  with  the  foliation  and  so-called  stratification, 
hut  riither  more  easterly. 

On  a  bare  gently  inclined  surface  of  the  porphyritic 
gncisrf  in  Botofogo  Bay,  I  observed  the  appearance  her© 
represented. 

A  fragment  seven  yards  long  and  two  in  width, 
with  angular  and  distinctly  di'fined  edges,  eomposed  of 
a  peculiar  variety  of  gneiss  with  dark  layers  of  mica 
and  garnets,  is  surrounded  on  all  sides  by  the  ordinary 
gneiss-granite;  both  having  been  dislocated  by  a 
granitic  vein.  The  folia  in  the  fragment  and  in  the 
►surrounding  rock  strike  in  tbe  same  NNE.  and  SSW. 
line;  but  in  the  fragment  they  are  vertical,  whereaa 
in  the  gneiss- granite  they  dip  at  a  small  angle,  as 
Bltown  by  the  arrows,  to  SSK.  This  fragment,  con- 
sidering its  great  si/.e,  its  solitary  position,  and  ita 
foliated  structure  parallel  to  that  of  the  sorrouading 
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rock,  IB,  aa  far  as  I  know,  a  unique  case :  and  I  will 
not  attempt  any  explanation  of  its  origin. 


The  minieroua  triivellprs '  in  this  coimfry.  liave  all 
been  greatly  surprised  at  tlie  depth  to  wliiuh  llie  f^neiss 
and  other  gi-anitic  rocks,  as  well  aa  the  talcose  slates  of 
tlie  interior,  hiive  been  decomposed.  "Near  Kio.  every 
minei^l  except  the  quartz  has  been  completely  softened, 
ill  some  places  to  a  depth  little  less  than  one  hundred  feet.' 
The  minerals  retain  their  positions  in  folia  ranging  in 
the  usual  direction ;  and  fractured  qnartK  veins  may  be 
traced  from  the  solid  rock,  running  for  some  distance 
into  the  softened,  mottled,  hiphly  coloured,  argillaceous 
mass.     It  is  caid  that  these  decomposed  rocks  abound 
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1  their 
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'fipii  and  Martins  I'ave  collect 
■Travels,'  the  larfreRt  borty  of  fads  oi 
remarfes  by  M.  Lnnd,  in  his  comm 
Copenhasen ;  and  others  by  M.  Gandiclmiid.  in  Frcyci 

'  Ur,  Keiiza  describes  ^ranitir  rock  ('  Madras  Journal  ot  Lit.'  kc 
Oct.  18^11,  p  24G),  in  the  Neelglierrles,  decomposed  to  a  depth  of 
forty  feet 
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with  goniB  of  various  kiuds,  often  in  a  fractured  state, 
owing,  as  some  have  supposed,  to  the  collapse  of  geodes, 
nnd  that  they  contAin  gold  and  diamonds.  At  Rio,  it 
appeared  to  me  that  the  gneiss  had  been  softened  before 
the  excavation  fno  doubt  by  the  sea)  of  the  existing, 
broad,  flat-bottomed  valleys;  for  the  depth  of  decom- 
poBttioQ  did  not  appear  at  all  conformable  with  the 
present  undulations  of  the  surface.  The  porphyntio 
gneiss,  where  now  expoeed  to  the  air,  seems  to  with- 
stand decomposition  remarkably  well;  and  I  could  see, 
no  signs  of  any  tendency  to  the  production  of  argilla- 
ceous masses  like  those  here  described.  I  was  also 
struck  with  the  fact,  that  where  a  bare  surface  of  this 
rock  sloped  into  one  of  the  quiet  bays,  there  were  no 
marks  of  erosion  at  the  level  of  the  water,  and  the 
parts  both  beneath  and  above  it  preserved  a  uniform 
curve.  At  Bahia,  the  gneiss  rocks  are  similarly  decom- 
posed, with  the  upi>er  pirts  insensibly  losing  their 
foliation,  and  passing,  without  any  distinct  line  of 
ee[inration,  into  a  bright  red  argillaceous  earth,  includ- 
ing partially  rounded  fragments  of  quartz  and  granite. 
From  this  cip!umstance,  and  from  the  rocks  appearing 
to  have  suffered  decomposition  before  the  excavation  of 
the  valleys,  I  suspect  that  here,  as  at  Rio,  the  decom- 
position took  place  under  the  sea.  The  subject 
ap[)eared  to  me  a  curious  one,  and  would  probably  well 
repay  careful  examination  by  an  able  mineralogist. 

The  Ni/rthern  Provinces  of  La  Ptatu, — According 
to  some  observations  communicated  to  me  by  Mr.  Fox, 
the  coast  from  Rio  de  Janeiro  to  the  mouth  of  the 
I'lata  seems  everywhere  to  be  granitic,  with  a  few 
trajipean  dikes.  At  Port  Alegre,  near  the  buundary  of 
Brazil,  there  are  porphyries  and  diorites.'  At  the 
mouth  of  the  Plata,  I  examined  the  country  for  twenty- 
'  H.  Isabelle,  '  Voyage  H  Uuino',  Ajrca,'  p.  479. 
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five  miles  woat,  and  for  about  seventy  miles  north  of 
Maldonado:  near  this  town,  there  is  some  common 
gneiss,  and  much,  in  all  parts  of  the  country,  of  a 
coarse-grained  mixture  of  quartz  and  reddish  feldspar, 
often,  however,  assuming  a  little  dark-green  imptirfect 
hornblende,  and  then  immediately  becoming  foliated. 
The  abrnpt  hillocks  thus  composed,  as  well  as  the 
highly  inclined  folia  of  the  common  varieties  of  gneiss, 
strike  NNE.  or  a  little  more  easterly,  and  SSW.  Olay- 
slate  is  occasionally  met  with,  and  near  the  L.  del 
Potrero,  there  is  white  marble,  rendered  fissile  from  the 
presence  of  hornblende,  mica,  and  asbestus;  the  cleavage 
of  these  rocks  and  their  stratification,  that  is  the  alter- 
nating masses  thus  composed,  strike  NNE.  and  SSW. 
like  the  foliated  gneisses^^and  have  an  almost  vertical 
dip.  The  Sierra  Larga,  a  low  range  five  miles  west 
of  Maldonado,  consists  of  quartjite,  often  ferruginons, 
having  an  arenaceous  fei'l,  and  divided  info  excessively 
*hin,  almost  vertical  laminae  or  folia  by  microscopically 
minnte  scales,  apparently  of  mica,  and  striking  in  the 
nsnal  NNE.  and  SSW.  direction.  The  range  itself  is 
formed  of  one  principal  line'with  some  snbordinate 
ones;  and  it  extends  with  remarkable  uniformity  far 
northward  (it  is  said  even  to  the  confines  of  Brazil),  in 
the  same  line  with  the  vertically  riblioncd  quartz  rock 
of  which  it  is  composed.  The  S.  de  las  Animas  is  the 
highest  range  in  the  country;  I  estimated  it  at  1,000 
feet ;  it  mns  north  and  south,  and  is  formed  of  fetd- 
spathic  porphyry;  near  its  base  there  is  a  NNW.  and 
SSE.  ridge  of  a  conglomerate  in  a  highly  porphyritio 
basis. 

Northward  of  Maldonado,  and  south  of  Las  Minas, 
there  is  an  E.  and  W.  hilly  band  of  conntry,  some  miles 
in  width,  formed  of  siliceous  clay-slate,  with  some  quartz, 
rork  and  limestone,  having  a  tortuous  irregular  clear* 
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age,  generally  rnnging  eabt  and  west.  E.  and  SE.  of 
Las  Minaa  there  ia  a  confused  district  of  imperfect 
gneiss  and  laminated  qaartz,  with  the  hills  ranging  xa 
varions  directions,  but  with  each  separate  hilt  generally 
rntining  in  the  same  line  with  the  folia  of  the  rocks  »f 
which  it  is  compoEed :  this  confusion  appears  to  have 
been  caused  by  the  intersection  of  the  [E.  and  W.]  and 
[NNE.  and  SSW.]  strikes.  Northward  of  Lag  Minas, 
the  more  regular  northerly  ranges  predominate  ;  from 
this  place  to  near  Polnnco,  we  meet  with  the  coarse- 
grained  mixtuBe  of  qnartz  and  feldspar,  ofl^n  with  the 
imperfect  hornblende,  and  then  becoming  foliated  in 
a  N.  and  S.  line — with  imperfect  clay-slate,  including 
laminrc  of  red  crvstallised  feldspar — with  white  or  black 
marble,  sometimes  containing  asbestos  and  crj'Stals  of 
gypsum — with  quartz-rock— with  syenite — and  lastly, 
with  much  granite.  The  marble  and  granite  alternate 
repeatedly  in  apparertlly  vertical  masses :  some  milea 
northward  of  the  Polanco,  a  wide  district  is  said  to  bo 
entirely  composed  cf  marble.  It  ia  remarkable,  how 
rare  mica  is  in  the  whole  range  of  country  north  and 
westward  of  Maldonado.  Tliroughout  this  district,  the 
cleava;^  of  the  clay-slate  and  marble — the  foliation  of 
the  gneiss  and  the  quartz^the  stratification  or  alter- 
nating masses  of  these  several  rocks — and  the  range 
of  the  hills,  all  coincide  in  direction ;  and  although  the 
country  is  only  hilly,  the  planes  of  division  are  almost 
everywhere  very  highly  inclined  or  vertical. 

Some  ancient  submarine  volcanic  rocks  are  worth 
mentioning,  from  their  rarity  on  this  eastern  side  of 
the  conl.inent.  In  the  valley  of  the  Tapaa  (fifty  or 
sixty  miles  N.  of  Alaldouado)  there  is  a  tract  three 
or  four  miles  in  length,  composed  of  various  trappean 
rocks  with  glassy  feldspar — of  apparently  metamoi'phosod 
grit-stones — of  purplish  amygdaloide  with  large  kcmelf 
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of  carbonate  of  Hme '— nnd  much  of  a  haishish  rock 
with  glassy  feldspar  intermediate  in  clinracler  between 
claystone  poqihyry  and  trachyte.  Tliia  latter  rock  was 
in  one  spot  remarkable  from  being  full  of  drusy  cavities, 
lined  with  qnartz  crystals,  and  arranged  in  planes, 
dipping  at  an  angle  of  50°  to  the  east,  and  striking 
parallel  to  the  foliation  of  an  adjoining  hill  composed 
of  the  common  mixture  of  quartz,  feldspar,  and  im- 
perfect hornblende:  this  fact  perhaps  indicates  that 
these  volcanic  rocks  have  been  metamorphosed,  and 
their  constituent  parts  re-arracged,  at  the  same  time 
and  according  to  the  same  laws,  with  the  granitic  and 
metamorphic  formations  of  this  whole  region.  In  the 
valley  of  the  Marmaraya,  a  few  miles  south  of  the 
Tapas,  a  band  of  trappean  and  amygdaloidal  rock  is 
interposed  between  a  hill  of  granite  and  an  extensive 
snrronnding  formation  of  red  conglomerate,  which  (like 
that  at  the  foot  of  the  R.  Animas)  has  its  basis  porphy- 
ritic  with  crystals  of  feldspar,  and  which  hence  has 
certainly  suffered  mefamorphosia. 

Monie  Video. — The  rocka  here  consist  of  several 
varieties  of  gneiss,  with  the  feldspar  often  yellowish, 
granular  and  imperfectly  crystallised,  alternating  with, 
and  passing  insensibly  ioto,  beds,  from  a  few  yards  to 
nearly  a  mile  in  thickness,  of  fine  or  coarse  grained, 
dark-gr«en  hombleadic  ilate;  this  again  often  passing 
into  chloritic  schist.  These  passages  seem  chiefly  due 
to  changes  in  the  mica,  and  its  replacement  by  orhpr 
minerals.  At  Rat  Island  I  examined  a  mass  of  cblorit  ic 
schist,  only  a  few  yards  square,  irregularly  surroundi'd 
on  all  sides  by  the  gneiss,  and  intricately  penetrated 
by  many  curvilinear  veins  of  quartz,  which  gradually 
hUnd  into  the  gneiss :    the  cleavage  of  the  chloritio 
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flchist  and  the  foliation  of  the  gneiss  were  exactly 
parallel.  Eastward  of  the  city  there  is  much  fine- 
grained dark-coloured  gneiss,  almost  assuming  the 
character  of  hornblende-slate,  which  alternates  in  thin 
laminsB  with  laminae  of  quartz,  the  whole  mass  being 
transversely  intersected  by  numerous  large  veins  of 
quartz:  I  particularly  observed  that  these  veins  were 
absolutely  continuous  with  the  alternating  laminae  of 
quartz.  In  this  case  and  at  Rat  Island,  the  passage  of 
the  gneiss  into  imperfect  hornblendic  or  into  chloritic 
slate,  seemed  to  be  connected  with  the  segregation  of 
the  veins  of  quartz.* 

The  Mount,  a  hill  believed  to  be  450  feet  in  height, 
from  which  the  place  takes  its  name,  is  much  the 
highest  land  in  this  neighbourhood  :  it  consists  of  horn- 
blendic slate,  which  (except  on  the  eastern  and  disturbed 
base)  has  an  east  and  west  nearly  vertical  cleavage; 
the  lonofer  axis  of  the  hill  also  ranufes  in  this  same  line. 
Near  the  summit  the  hornblende-slate  gradually  be- 
comes more  and  more  coarsely  cry  stall  ised,  and  less 
plainly  laminated,  until  it  passes  into  a  heavy,  sonorous 
greenstone,  with  a  slaty  conchoidal  fracture  ;  the 
laminae  on  the  north  and  south  sides  near  the  summit 
dip  inwards,  as  if  this  upper  part  had  expanded  or 
bulged  outwards.  This  greenstone  must,  I  conceive,  be 
considered  as  metamorphosed  hornblende-slate.  The 
Cerrito,  the  next  highest,  but  much  less  elevated 
point,  is  almost  similarly  composed.  In  the  more 
western  parts  of  the  province,  besides  gneiss,  there  is 
quartz-rock,  syenite,  and  granite ;  and  at  CoUa,  I  heard 
of  marble. 

•  Mr.  Greenoiigh  (p.  78,  *  Critical  Examination,*  &c.)  observes  that 
quartz  in  mica-slalc  sometimea  appears  in  beds  and  sometimes  in 
Teina.  Von  liuch  also,  in  his  *  Travels  in  Norway  *  (p.  236),  remarka 
un  alternating  laminae  of  quartz  and  hornblende-slate  replacing  mica- 
achint. 
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Near  M.  Video,  the  space  which  I  more  accurately 
exatnined  was  about  fifteen  miles  is  an  east  and  west 
line,  and  here  I  found  the  foliation  of  the  gneiss  and  the 
cleavf^  of  the  slates  generally  well  developed,  and  ex- 
tendiug  parallel  to  the  alternating  strat-a  composed  of  the 
gneiss,  homblendic  and  chloritic  scbiats.  These  planes 
of  division  all  range  within  one  point  of  east  and  west, 
frequently  east  by  south  and  west  by  north  ;  their  dip 
is  generally  almost  vertical,  and  scarcely  anywhere 
nnder  45° :  this  fact,  considering  how  slightly  undula- 
tory  the  surface  of  the  country  is,  deserves  attention. 
Westward  of  M.  Video,  towards  the  Uruguay,  wherever 
the  gneiss  is  exposed,  the  highly  inclined  folia  are 
seen  striking  in  the  same  direction  ;  I  must  except  one 
spot  where  the  strike  was  N\V,  by  W.  The  little 
Sierra  do  S.  Juan,  formed  of  gneiss  and  laminated 
quartz,  must  also  be  excepted,  for  it  ranges  between 
[N.  to  NE.]  and  [S.  to  SW.]  and  seems  to  belong  to 
the  same  system  with  the  hills  in  the  Maldonado 
district.  Finally,  we  have  seen  that,  for  juany  miles 
northward  of  Maldonado  and  for  twenty-five  miles 
westward  of  it,  as  far  as  the  S.  de  las  Animas,  the  folia- 
tion, cleavage,  so-called  stratification  and  lines  of  hills, 
all  ranges  NNE,  and  SSW,,  which  is  nearly  coincident 
with  the  adjoining  coast  of  the  Atlantic.  Westward  of 
the  S.  de  las  Animas,  as  far  as  even  the  Uruguay,  the 
foliation,  cleavage,  and  stratification  (but  not  lines  of 
hills,  for  there  are  no  defined  ones)  all  range  about  E. 
by  S.  and  W.  by  N,,  which  is  nearly  coincident  with 
the  direction  of  the  northern  shore  of  the  Plata :  in  the 
confused  country  near  Las  Minas,  where  these  two  great 
systems  appear  to  intersect  each  other,  the  cleavage, 
foliation,  and  stratification  run  in  various  directions, 
but  generally  coincide  with  the  line  of  each  separate 
liiU. 
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Stmtkem  La  Plata, — The  first  ridge,  south  of  the 
Plata,  which  projects  through  the  Patnpean  fonnation, 
is  the  Sierra  Tapalvuen  and  Vulcan,  situated  200  miles 
southward  of  the  district  JDst  described.  This  ridge  ia 
ouly  a.  few  hundred  feet  in  height,  and  runs  from  C. 
Corriuutes  in  a  WNW.  line  for  at  least  150  miles  into 
the  interior :  at  Tupalgoen,  it  is  composed  of  unstmti- 
iied  granular  quartz,  remarkiible  ftvm  forming  tabular 
masses  and  small  plains,  surrounded  by  precipitous  cliffs: 
other  parts  of  the  range  are  said  to  consist  of  granite  : 
and  marble  is  found  at  the  S.  Tin^  It  appears  from 
M.  Parchapi(e's '  observations,  that  at  Tandil  there  is  a 
range  of  quarCzose  gneiss,  very  like  the  rocks  of  the  S. 
Larga  near  Maldoiiiido,  running  in  the  same  NNE.  and 
SSW.  direction  ;  so  that  the  framework  of  the  country 
here  is  very  similar  to  that  on  the  northern  shore  of 
the  Plata. 

The  Sierra  Guitru-gueyu  is  situated  sixty  miles 
south  of  the  S.  Tiipalguen  :  it  consists  of  numerous 
parallH,  som'-times  blended  toi^-tlier  ridges,  abrnit 
tweiity-thn-e  miles  in  width,  and  500  feet  in  heigiit 
above  the  pitiin,  and  ext^-ndiiig  in  a  NW.  and  !SE. 
direction.  Kkirtitig  round  the  extreme  SE.  termination, 
I  ascended  only  a  few  points,  which  were  composed  of 
a  fine-gniined  gneiss,  almost  composed  of  feldspar  with 
a  little  mica,  and  passing  in  the  nppiT  parts  of  the 
hills  into  a  rather  compact  purplish-clay  state.  The 
cleava^re  was  nearly  vertical,  striking  in  a  NW.  by  W. 
and  HE.  by  E.  line,  nearly,  though  not  qnite,  coinci- 
dent with  the  direction  of  the  parallel  ridges. 

The  Sierra  Ventana  lies  close  south  of  that  of  Guitru- 
gueyu  ;  it  is  remarkable  from  attaining  a  height,  very 

•  M.  d'Orbigny'B  •  Vovngc,  Part,  Ofolog."  p.  ie,  I  have  ffiven  * 
short  luiconnt  of  the  peculiar  formsot  tbe  quarti  hills  ot  Tapaliiiu'ii, 
io  uriu?Dal  in  <i  mc-t.-imorphio  formation,  in  my  '  Jouroal  ot  lta> 
KHTctiei'  (2Qd  adit.),  p.  UU. 


OHip.  nn.  Patagonia.  435 

nnuaual  OQ  this  side  of  the  continent,  of  S,3-10  feet.  It 
consists  up  to  its  summit,  of  quartz,  generally  pure  and 
vhite,  hut  sometimes  reddish,  and  divided  into  thick 
laminie  or  strata:  in  one  part  there  is  A  little  glossy 
clay-slate  with  a  tortuous  cleavage.  The  thick  layers 
of  quartz  strike  in  a  W.  30°  N.  line,  dipping  southerly 
at  an  angle  of  45°  and  uptvards.  Tbe  principal  line  of 
moan  tains,,  with  some  quite  subordinate  parallel  ridges, 
range  about  W.  45°  N. :  but  at  their  SE.  termination, 
only  W.  25°  N.  This  Sierra  is  said  to  extend  between 
twenty  and  thirty  leagues  into  the  interior. 

Patagonia. — With  the  exception  perhaps  of  the 
hill  of  S.  Antonio  (600  feet  high)  in  the  Gulf  of  S. 
Matias,  which  has  never  been  visited  by  a  geologist, 
crystalline  rocks  are  not  met  with  on  the  coast  of  Pata- 
gonia for  a  space  of  380  miles  south  of  the  S.  Ventana. 
At  this  point  (lat.  43°  SC),  at  Points  Union  and  Tombo, 
plutonic  rocks  are  said  to  appear,  and  are  found,  at 
rather  wide  intervals,  beneath  the  Patagonian  tertiary 
formation  for  a  space  of  about  300  miles  southward,  to 
near  Bird  Island,  in  lat.  48°  56'.  Judging  from  speci- 
mens kindly  collected  for  me  by  Mr.  Stokes,  the  pre- 
vailing rock  at  Ports  St.  Elena,  Cameronea,  Malaspina, 
and  ae  far  south  as  the  Paps  of  Pineda,  is  a  purplish- 
pink  or  brownish  claystone  porphyry,  sometimes  la- 
minated, sometimes  slightly  yesicular,  with  crystals  of 
opaque  feldspar  and  with  a  few  grains  of  quartz ;  hence 
these  porphyries  resemble  those  immediately  to  be  de- 
scribed at  Port  Desire,  and  likewise  a  series  which  I  have 
seen  from  P.  Alegre  on  the  southern  conSnea  of  Bra7.ii. 
This  purphyritic  formation  further  resembles  in  a 
singolarly  close  manner  the  lowest  stratified  formation 
of  the  Cordillera  of  Chile,  which,  as  we  shall  hereafler 
see,  has  a  vast  range,  and  attains  a  great  thickness. 
At  the  bottom  of  the  Gulf  of  St.  George,  only  tertiary 
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deposits  appear  to  be  present.  At  Capo  Blanco,  thore 
is  quartz  rock,  very  like  that  of  the  Falkland  Islands, 
and  some  hard,  blue,  siliceous  clay-slate. 

At  Port  Desire  there  is  an  extensive  formation  of 
the  claystone  porphyry,  stretching  at  least  twenty-five 
miles  into  the  interior :  it  has  been  denuded  and  deeply 
worn  into  gullies  before  being  covered  up  by  the  ter- 
tiary deposits,  through  which  it  here  and  there  projects 
in  hills;  those  north  of  the  bay  being  440  feet  in 
height.  The  strata  have  in  several  places  been  tilted 
at  small  angbs,  generally  either  to  NNW.  or  SSE. 
By  gradual  passages  and  alternations,  the  porphyries 
change  incessantly  in  nature.  I  will  describe  only 
some  of  the  principal  mineralogical  changes,  which  are 
highly  instructive,  and  which  I  carefully  examined. 
The  prevailing  rock  has  a  compact  purplish  base,  with 
crystals  of  earthy  or  opaque  feldspar,  and  often  with  grains 
of  quartz.  There  are  other  varieties,  with  an  almost  truly 
trachytic  base,  full' of  little  angular  vesicles  and  crystals 
of  glassy  feldspar ;  and  there  are  beds  of  black  perfect 
pit<;listone,  as  well  as  of  a  concretionary  imperfect 
variety.  On  a  casual  inspection,  the  whole  series  would 
be  thought  to  be  of  the  same  plutonic  or  volcanic 
nature  with  the  trachytic  varieties  and  pitchstone ;  but 
this  is  far  from  being  the  case,  as  much  of  the  porphyry 
is  certainly  of  metamorphic  origin.  Besides  the  true 
porphyries,  there  are  many  beds  of  earthy,  quite  whito 
or  yellowish,  friable,  easily  fusible  matter,  resembling 
chalk,  which  under  the  microscope  is  seen  to  consist  of 
minute  broken  crystals,  and  which,  as  remarked  in  a 
former  chapter,  singularly  resembles  the  upper  tufaceous 
beds  of  the  Patngonian  tertiary  formation.  This  earthy 
substance  often  becomes  coarser,  and  contains  minute 
rounded  fragments  of  porphyries  and  rounded  grains  of 
quartz,  and  in  one  case  so  many  of  the  latter  as  to 


CHAP,  rat        Porpkyritic  Rocks  of.  437 

resemble  a  common  saodstone.  These  beds  are  sometiniea 
marked  with  true  lines  of  aqueous  deposition,  separat- 
ing particles  of  different  degrees  of  coarsenesB ;  in  other 
cases  there  are  parallel  ferruginous  lines  not  of  trne 
deposition,  as  shown-  by  the  arrangement  of  the  par- 
ticles, though  singalarly  resembling  them.  The  more 
indurated  varieties  oflen  include  many  small  and  some 
larger  angular  cavities,  which  appear  doe  to  the  re- 
moval of  earthy  matter:  some  varieties  contain  mica. 
All  these  earthy  and  generally  white  stones  inseDsibly 
pass  into  more  indurated  sonorous  varieties,  breaking 
with  a  conchoidal  fracture,  yet  of  small  specific  gravity  ; 
many  of  these  latter  varieties  assume  a  pale  purple  tint, 
being  singularly  banded  and  veined  with  different  shades, 
and  often  become  plainly  porphyritic  with  crystals  of 
feldspar.  The  formation  of  these  crystals  coold  be 
most  clearly  traced  by  minute  angular  and  often  par- 
tially hollow  patches  of  earthy  matter,  first  assuming  a 
fibrous  structure,  then  passing  into  opaqne  imperfectly 
shaped  crystals,  and  lastly,  into  perfect  glassy  crystals. 
When  these  crystals  have  appeared,  and  when  the 
basis  has  become  compact,  the  rock  in  many  places 
could  not  be  distinguished  from  a  true  claystone  por- 
phyry without  a  trace  of  mechanical  structure. 

In  some  parts,  these  earthy  or  tufaceons  beds  pass 
into  jaspery  and  into  beautifully  mottled  and  banded 
porcelain  rocks,  which  break  into  splinters,  translucent 
at  their  edges,  hard  enough  to  scratch  glass,  and  fusible 
into  white  transparent  beads :  grains  of  quartz  included 
in  the  poFcelainous  varieties  can  be  seen  melting  into 
the  sarrounding  paste.  In  other  parts,  the  earthy  or 
tufaceons  beds  either  insensibly  pass  into,  or  alternate 
with,  breccias  composed  of  large  and  small  fragments 
of  rariuas  purplish  porphyries,  with  the  matrix  gene* 
ndly   porphyritic:   these  breccias,  thoogh  tlieir  sab- 
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BqneonB  origin  is  in  maDy  places  shown  both  by^  the 
arrangement  of  their  smaller  particles  and  by  an  obliqna 
or  current  lamination,  also  pass  into  porphyries,  in 
which  every  trace  of  mechanical  origin  and  stratifica- 
tion has  been  obliterated. 

Some  highly  porphyritio  though  coarse-grainecl 
masses,  evidently  of  sedimentary  origin,  and  divided 
into  thin  layere,  differing  from  each  other  chiefly  in 
tha  number  of  embedded  grains  of  qnartz,  interested 
me  mnch  from  the  peculiar  manner  in  which  here  and 
there  some  of  the  layers  terminated  in  abrupt  points, 
quite  unlike  those  produced  by  a  layer  of  sediment 
naturally  thinning  out,  and  apparently  the  result  of  a 
Bubsequeot  process  of  metamorphic  ajrgregation.  In 
another  common  variety  of  a  finer  texture,  the  aggre- 
gating process  had  gone  further,  for  the  whole  mass 
consisted  of  quite  short,  parallel,  often  slightly  curved 
layers  or  patches,  of  whitish  or  reddish  finely  grannlo- 
crystalline  feldspathic  matter,  generally  terminating  at 
both  ends  in  blunt  points;  these  layers  or  patches  fur- 
ther tended  to  pass  into  wedge  or  almond  shaped  little 
masses,  and  these  finally  into  true  crystiils  of  feldspar, 
with  their  centres  often  slightly  drusy.  The  series  was 
so  perfect  that  I  could  not  doubt  that  these  large 
crystals,  which  had  their  longer  axes  placed  parallel  to 
each  other,  had  primarily  originated  in  the  metamor- 
phosis and  aggregation  of  alternating  layers  of  tuff; 
and  hence  their  parallel  position  must  be  attributed 
(unexpected  though  the  conclusion  may  be),  not  to 
laws  of  cheuiicnl  action,  but  to  the  original  planes  of 
deposition.  1  am  tempted  briefly  to  deiicribe  three 
other  singular  allied  varieties  of  rock;  the  first  with- 
out examination  would  have  passed  for  a  stratified 
porphyritio  breccia,  but  all  the  included  angular  frag- 
meuts  consisted  of  a  border  of  pinkish  ciystalline  feldr 
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spathic  matter,  Barroandicg  a  dark  translucent  siliceoas 
'centre,  in  wbicli  grains  of  quartz  not  quite  blended 
into  tlie  paste  could  bo  distinguished:  this  nniformity 
in  the  nature  of  the  fragments  shows  that  they  are  not 
of  mechanical,  but  of  concretionary  origin,  having  re- 
Bnlted  perhaps  from  the  self-breaking  np  and  aggrega- 
tion of  layers  of  indurated  tu£f  containing  nnmerouB 
grains  of  quartz, — into  which,  indeed,  the  whole  maBS 
in  one  part  passed.  The  second  variety  is  a  reddish 
non-porphyritic  clay  stone,  quite  full  of  spherical 
.  cavities,  aboat  half  an  inch  in  diameter,  each  lined  with 
a  collapsed  crast  formed  of  crystals  of  quartz.  The 
third  variety  also  consists  of  a  pale  purple  non-porphy- 
ritic clayatone,  almost  wholly  formed  of  concretionary 
balls,  obscurely  arranged  in  layers,  of  a  less  compact 
and  paler  coloured  claystone;  each  ball  being  on  one 
side  partly  hollow  and  lined  with  crj-stals  of  quartz. 

Pseudo-Dikes. — Some  miles  op  the  harbour,  in  a 
line  of  cliffs  formed  of  slightly  metamorphosed  tuface- 
ouB  and  porphyritic  claystone  beds,  I  observed  three 
vertical  dikes,  so  closely  resembling  in  general  appear- 
ance ordinary  volcanic  dikea,  that  I  did  not  doubt, 
until  closely  examining  their  composition,  that  they 
had  been  injected  from  below.  The  first  is  straight, 
with  parallel  sides,  and  about  four  feet  wide ;  it  con- 
sieta  of  whitish,  indurated  tufaceous  matter,  precisely 
like  some  of  the  beds  intersected  by  it.  The  second 
dike  is  more  remarkable ;  it  is  slightly  tortuous,  about 
eighteen  inches  thick,  and  can  be  traced  for  a  con- 
siderable distance  along  the  beach ;  it  is  of  a  purplish- 
red  or  brown  colour,  and  is  formed  chiefly  of  rounded 
grains  of  quartz,  with  broken  crystals  of  earthy  feld- 
spar, scales  of  black  mica,  and  minute  fragments  of 
claystone  porphyry,  all  firmly  united  together  in  a  hard 
■paring  base.   The  structure  of  this  dike  shows  obviously 
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that  it  IB  of  mechanical  and  sedimentary  ori^n ;  yet 
it  thinned  out  upwards,  and  did  not  cat  through  the 
uppermost  strata  in  the  clifis.  This  fact  at  fir^t  appears 
to  indicate  that  the  matter  could  not  have  been  washed 
in  from  above ; '  but  if  we  reflect  on  the  suction  which 
would  result  from  a  deep-seated  fissure  being  formed, 
we  may  admit  that  if  the  fissure  were  in  any  part  open 
to  the  surface,  mud  and  water  might  well  be  drawn 
into  it  along  its  whole  course.  The  third  dike  consisted 
of  a  hard,  rough,  white  rock,  almost  coniposed  of  broken 
crystals  of  glassy  feldspar,  with  numerous  scales  of  black 
mica,  cemented  in  a  scanty  base ;  there  was  little  ia 
the  appearance  of  this  rock,  to  preclude  the  idea  of  its 
having  been  a  true  injected  feldspathic  dike.  The 
matter  composing  these  three  pseudo-dikos,  especially 
the  second  one,  appears  to  have  suffered,  like  the  sur- 
rounding strata,  a  certain  degree  of  metamorphic 
action ;  and  this  has  much  aided  the  deceptive  appear- 
ance. At  Bahia,  in  Brazil,  we  Lave  seen  that  a  true 
injected  hornblendic  dike,  not  only  has  suffered  meta- 
morphosis, but  has  been  dii^tocaled  and  even  diffused 
in  the  surrounding  gneiss,  under  the  form  of  separate 
crysluls  and  of  iragments. 

Fidkland  Inlands. — I  have  described  these  islands 
in  a  paper  puhliished  in  the  third  volume  of  the  '  Geo- 
logical Journiil,'  The  monntain-ridges  consist  of  quartz, 
and  tlie  lower  country  of  clay-slate  and  sandstone,  the 
latter  containing  palaeozoic  fossils.  These  fossils  have 
been  separately  described  by  Messrs.  Morris  and  Sharpe: 
Borne  of  them  resemble  Silurian,  and  others  Devonian 
forms.  In  the  eastern  part  of  the  group  the  several 
parallel  ridges  of  quartz  extend  in  a  west  and  east  line ; 
'  Uplillod  fissures  are  known  to  occur  bo(h  in  volcanic  and  ia 
opiiiinry  stflinjciilary  fonuntiona.  At  the  lial.ipagos  Archipelajro 
(see  ('li;i|)ler  V.  of  this  work),  there  are  some  striking  eiamplec  o( 
pseudo-dikes  ootuposed  of  bard  toS 
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but  farther  westward  the  line  becomes  WN  W.  and  ESE., 
and  even  still  more  northerly.  The  cleavage -planes  of 
the  clay-elote  are  bighly  inclined,  generally  at  an  angle 
of  above  50°,  and  ofben  vertical;  they  strike  almost 
invariably  in  the  same  direction  with  the  quartz  ranges. 
The  outline  of  the  indented  shores  of  the  two  main 
islands,  and  the  relative  positions  of  the  smaller  islets, 
accord  with  the  strike  both  of  the  main  axes  of  elevation 
and  of  the  cleavage  of  the  clay-slate. 

Tierra  del  Fuego. — My  notes  on  the  geology  of 
this  country  are  copious,  but  as  they  are  nnimportant, 
and  as  fossils  were  found  only  in  one  district,  a  brief 
Bbetch  will  be  here  sufficient.  The  east  coast  from  the 
Straits  of  Magellan  (where  the  boulder  formation  is 
largely  developed)  to  St.  Polycarp'a  Bay  is  formed  of 
horizontal  tertiary  strata,  bounded  some  way  towards 
the  interior  by  a  broad  mountainous  band  of  clay-slate. 
This  great  clay-slate  formation  extends  from  St.  Le 
Maire  westward  for  140  miles,  along  both  aides  of  the 
Beagle  Channel  to  near  its  bifurcation.  South  of  this 
channel,  it  forms  all  Navarin  Island,  and  the  eastern 
half  of  Hoste  Island  and  of  Hardy  Peninsula ;  north  of 
the  Beagle  Channel  it  extends  in  a  north-west  line  on 
both  sides  of  Admiralty  Sound  to  Brunswick  Peninsula 
in  the  Straits  of  Magellan,  and  I  have  reason  to  believe, 
stretches  far  up  the  eastern  side  of  the  Cordiilera.  The 
western  and  broken  side  of  Tierra  del  Fuego  towards 
the  Pacific  is  formed  of  metamorphic  schists,  granite 
and  various  trappean  rocks :  the  line  of  separation  be- 
tween the  crystalline  and  clay-slate  formations  can 
generally  be  distinguished,  as  remarked  by  Captain 
King,'  by  the  parallelism  in  the  clay-slate  districts  of 
the  shores  and  channels,  ranging  in  a  line  between 
[W-  20°  to  40°  N.]  and  [E.  20°  to  40°  S.]. 
'  '  Geographical  Jonmal,'  vd.  L  p.  166. 
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The  clay-slate  is  generally  fissile,  sometimes  siliceous 
or  fermginous,  with  veins  of  qnartz  and  calcareoos 
spar ;  it  often  assumes,  especially  on  the  loftier  moun- 
tains, an  altered  feldspathic  character,  passing  into 
feldspathic  porphyry :  occasionally  it  is  associated  with 
breccia  and  grauwacke.  At  Grood  Success  Bay,  there 
is  a  little  intercalated  black  crystalline  limestone.  At 
Port  Famine  much  of  the  clav-slate  is  calcareous,  and 
passes  either  into  a  mudstone  or  into  grauwacke,  in- 
cluding odd-shaped  concretions  of  dark  argillaceous 
limestone.  Here  alone,  on  the  shore  a  few  miles  north 
of  Port  Famine,  and  on  the  summit  of  Mount  Tarn 
(2,600  feet  high),  I  found  organic  remains ;  they  con- 
sist of: — 

1.  Ancyloceras  simplex,  d'Orbig.  *  Pal.  Fraiic/(PL  V.  f.  2)  Mount  Tarn. 

2.  FoMis  (in  imperfect  state)  do. 

3.  Natica  do.  do. 

4.  Pentacrimns      do.  do. 

6.  Lucina  excentrica,  G.  B.  Sowerby  (PL  V.  fig.  21),  Port  Famine. 

6.  Venus  (in  imperfect  state)  do. 

7.  Turbinolia?    do.  do. 

8.  Hamites  elatior,  Q.  B.  Sowerby,  do. 

M.  d'Orbigny  states*  that  MM.  Hombron  and 
Grange  found  in  this  neighbourhood  an  Ancyloceras, 
perhaps  A.  simplex,  an  Ammonite,  a  Plicatula  and 
Modiola.  M.  d'Orbigny  believes  from  the  general 
character  of  these  fossils,  and  from  the  Ancyloceras 
being  identical  (as  far  as  its  imperfect  condition  allows 
of  comparison)  with  the  A.  simplex  of  Europe,  that 
the  formation  belongs  to  an  early  stage  of  the  Cretaceous 
system.  IVofessor  E.  Forbes,  judging  only  from  my 
specimens,  concurs  in  the  probability  of  this  conclusion. 
The  Hamites  elaiior  of  the  above  list,  of  which  a  de- 
scription is  given  by  Mr.  Sowerby  in  the  Appendix,  and 
which  is  remarkable  from  its  large  size,  has  not  been 

*  '  Voyage,  Part.  G6olog.'  p.  242. 
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Been  either  by  M.  d'Orbigny  or  Professor  E.  Forbes,  aa, 
since  my  return  to  England,  the  specimena  have  been 
lost.  The  great  clay-slate  formation  of  Tierra  del  Fnego 
being  cretaceoaB,  is  certainly  a  very  interesting  fact, — 
whether  we  consider  the  appearance  of  the  country, 
which,  without  the  evidence  afforded  by  the  fossila, 
would  form  the  analogy  of  most  known  districts,  pro- 
bably have  been  considered  as  belonging  to  the  Palaeo- 
zoic series, — or  whether  we  view  it  as  showing  that  the 
age  of  this  terminal  portion  of  the  great  axis  of  South 
America,  ia  the  aame  (as  will  hereafter  be  seen)  with 
the  Cordillera  of  Chile  and  Peru. 

The  clay-slate  in  many  parts  of  Tierra  del  Fnego, 
is  broken  by  dikes '  and  by  great  masses  of  greenstone, 
often  highly  homblendic:  almost  all  the  small  islets 
within  the  clay-slate  districts  ore  thus  composed.  The 
slate  near  the  dikes  generally  becomes  paler-coloured, 
harder,  less  fissile,  of  a  feldspathic  nature,  and  passes 
into  a  porphyry  or  greenstone :  in  one  case,  however, 
it  became  more  fissile,  of  a  red  colour,  and  contained 
minute  scales  of  mica,  which  were  absent  in  the  un- 
altered rock.  On  the  east  aide  of  Ponsonby  Sound, 
some  dikes  composed  of  a  pale  sonorous  feldspathic 
rock,  porphyritic  with  a  little  feldspar,  were  remarkable 
from  their  number, — there  being  within  the  space  of  a 
mile  at  least  one  hundred, — from  their  nearly  equalling 
in  bulk  the  intermediate  slate, — and  more  especially 
from  the  excessive  fineness  (like  the  finest  inlaid  car- 
pentry) and  perfect  paralleliam  of  their  jnuctiona  with 
the  almost  vertical  lamioffi  of  clay-slate.  I  was  unable 
to  perauade  myself  that  theae  great  parallel  masses  had 
been  injected,  until  I  found  one  dike  which  abruptly 
'  Id  b  greenstone-dike  in  the  Hagdalen  Chnnnel,  the  feldapur 
cleaved  nitli  tbe  Angle  of  albit«.  Tbia  dike  wbb  crossed,  as  wulL  as 
the  garroundiiLg  slat«,  bj  »  larti«  vein  of  quarts,  a  c 
tmoBual  occotrence. 
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thinned  out  to  half  its  thickness,  and  had  one  of  its 
walls  jagged,  with  fragments  of  the  slate  embedded 
in  it. 

In  southern  T.  del  Fuego,  the  clay-slate  towards 
its  SW.  boundary,  becomes  much  altered  and  feld- 
spathic.  Thus  on  Wollaston  Island  slate  and  grauwacke 
can  be  distinctly  traced  passing  into  feldspathic  rocks 
and  greenstones,  including  iron  pyrites  and  epidote, 
but  still  retaining  traces  of  cleavage  with  the  usual 
strike  and  dip.  One  such  metamorphosed  mass  was 
traversed  by  large  vein-like  masses  of  a  beautiful 
mixture  (as  ascertained  by  Professor  Miller)  of  green 
epidote,  garnets,  and  white  calcareous  spar.  On  the 
northern  point  of  this  same  island,  there  were  various 
ancient  submarine  volcanic  rocks,  consisting  of  amyg- 
daloids  with  dark  bole  and  agate, — of  basalt  with 
decomposed  olivine, — of  compact  lava  with  glas.-y 
feldspar, — and  of  a  coarse  conglomerate  of  red  scoria?, 
parts  being  amygdaloidal  with  carbonate  of  lime.  The 
southern  part  of  Wollaston  Island  and  the  whole  of 
Hermite  and  Horn  Islands,  seem  formed  of  cones  of 
greenstone :  the  outlying  islets  of  II  Defense  and  D. 
llaminez  are  said*  to  consist  of  porphyritic  lava.  In 
crossing  Hardy  Peninsula,  the  slate  still  retaining 
traces  of  its  usual  cleavage,  passes  into  columnar  feld- 
spathic rocks,  which  are  succeeded  by  an  irregular  tract 
of  trappean  and  basaltic  rocks,  containing  glassy  feld- 
spar and  much  iron  pyrites :  there  is,  also,  some  harsh 
red  claystone  porphyry,  and  an  almost  true  trachyte, 
with  needles  of  hornblend,  and  in  one  spot  a  curious 
slaty  rock  divided  into  quadrangular  columns,  having 
a  base  almost  like  trachyte,  with  drusy  cavities  lined 
by  crystals,  too  imperfect,  according  to  Professor  Miller, 

*  Determined  by  Professor  Jameson.    Weddell's  •Voyage,'  p^l69. 
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to  be  measured,  but  resembling  Zeagonite.'  In  the 
midst  of  these  singular  rocka,  do  d(^bt  of  ancient  sub- 
marine volcanic  origin,  a  higb  hill  of  feldspathic  clay- 
slate  projected,  retaining  its  uBiial  cleavage.  Near  this 
point,  there  was  a  small  hillock,  having  the  aspect  of 
granite,  bnt  formed  of  white  albite,  brilliant  crj^stals  of 
hornblende  (both  ascertained  by  the  reflecting  gonio- 
nieter)  and  mica ;  but  with  no  quartz.  No  recent 
volcanic  district  has  been  observed  in  any  part  of  Tierra 
del  Fuego. 

Five  miles  west  of  the  bifurcation  of  the  Beagle 
Channel,  the  slate-formation,  instead  of  becoming,  as 
in  the  more  sonthem  parts  of  Tierra  del  Fuego,  feld- 
spathic, and  associated  with  trappean  or  old  volcanic 
rocks,  passes  by  alternations  into  a  great  underlying 
mass  of  fine  gneiss  and  glossy  clay-slate,  which  at  no 
great  distance  is  succeeded  by  a  grand  formation  of 
mica-slate  containing  garnets.  The  folia  of  these 
metamorphic  schists  strike  parallel  to  the  cleavage 
planes  of  the  clay-slate,  which  have  a  very  uniform 
direction  over  the  whole  of  this  part  of  the  country : 
the  folia,  however,  are  undulatory  and  tortnous,  whilst 
the  cleavage-laminas  of  the  slate  are  straight.  These 
echists  compose  the  chief  monntaia  chain  of  sonthem 
T.  del  Fuego,  ranging  along  the  north  side  of  the  north- 
em  arm  of  the  Beagle  Channel,  in  a  short  WNW. 
and  ESE.  line,  with  two  points  (Mounts  Sarmient-o  and 
Darwin)  rising  to  height*  of  6,800  and  -6,900  feet. 
On  the  south-western  side  of  this  northern  arm  of  the 
£eagl«  Channel,  the  clay-slate  is  seen  with  its  itraia 
dipping  from  the  great  chain,  so  that  the  metamorphio 
schists  here  form  a  ridge  bordered  on  each  side  by  clay- 
slate.     Farther  north,  however,  to   the  west  of  this 
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great  range,  there  is  no  clay-slate,  but  only  gneiss,  mica, 
and  homblendic  slcites,  resting  on  great  barren  hills  of 
tme  granite,  and  forming  a  tract  about  sixty  miles  in 
width.  Again,  westward  of  these  rocks,  the  outermost 
islands  are  of  trappean  formation,  which,  from  infor- 
mation obtained  during  the  voyages  of  the  Adventure 
and  Beagle^  seem,  together  with  granite,  chiefly  to 
prevail  along  the  western  coast  as  far  north  as  the  en- 
trance of  the  St.  of  Magellan :  a  little  more  inland,  on 
the  eastern  side  of  Clarence  Island  and  S.  Desolation, 
granite,  greenstone,  mica-slate,  and  gneiss  appear  to 
predominate.  I  am  tempted  to  believe,  that  where  the 
clay-slate  has  been  metamorphosed  at  great  depths 
beneath  the  surface,  gneiss,  mica-shite,  and  other  allied 
rocks  have  been  formed,  but  where  the  action  has  taken 
place  nearer  the  surface,  feldspathic  porphyries,  green- 
stones, etc.,  have  resulted,  often  accompanied  by  sub- 
marine volcanic  eruptions. 

Only  one  other  rock,  met  with  in  both  arms  of  the 
Beagle  Channel,  deserves  any  notice,  namely  a  granulo- 
crystalline  mixture  of  white  albite,  black  hornblende 
(ascertained  by  measurement  of  the  crystals,  and  con- 
firmed by  Professor  Miller),  and  more  or  less  of  brown 
mica,  but  without  any  quartz.  This  rock  occurs  in 
large  masses,  closely  resembling  in  external  form 
granite  or  syenite :  in  the  southern  arm  of  the  Channel, 
one  such  mass  underlies  the  mica-slate,  on  which  clay- 
slate  was  superimposed :  this  peculiar  plutonic  rock 
which,  as  we  have  seen,  occurs  also  in  Hardy  Peninsula, 
is  interesting,  from  its  perfect  similarity  with  that 
(hereafter  often  to  be  referred  to  under  the  name  of 

>  See  the  Paper  by  Capt.  King,  in  the  *  Geograph.  Journal ; '  also 
a  Lett(ir  to  Dr.  Fitton  in  *  Geolog.  Proc'  vol.  i.  p.  29 ;  also  some  ob- 
BCTvations  by  Capt.  FitzUoy,  'Voyages,' vol.  1.  p.  375.  I  am  indebted 
also  to  Mr.  Lyell  for  a  series  of  specimens  collected  by  LieaU 
Graves. 
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andesite)  forming  the  great  injected  axes  of  the  Cordil- 
lera of  Chile. 

The  atratlficatioti  of  the  clay-slate  is  generally  very 
obscure,  whereas  the  cleavage  is  remarkably  well  defined : 
to  begin  with  the  extreme  eastern  parts  of  T.  del  Fuego ; 
the  cleavage -planes  near  the  St.  of  Le  Muire  strike 
either  W.  and  E.  or  WSW.  and  ESE.,  and  are  highly 
inclined;  theform  of  the  land,  including  Staten  Island, 
indicates  that  the  axes  of  elevation  have  ran  in  this 
same  line,  though  I  was  nnable  to  distinguish  the  planes 
of  stratification.  Proceeding  westward,  I  accurately 
examined  the  cleavage  of  the  clay-slate  on  the  northern, 
eastern,  and  western  sides  (thirty-five  miles  apart)  of 
Navarin  Island,  and  everywhere  found  the  laminte 
ranging  with  estreme  regularity,  WNW.  and  ESE., 
seldom  varying  more  than  one  point  of  the  compass 
from  this  directioa.'  Both  on  the  east  and  west  coasts, 
I  crossed  at  right-angles  the  cleavage-p lanes  for  a  space 
of  ftbont  eight  miles,  and  found  them  dipping  at  an 
angle  of  between  45°  and  90°,  generally  to  SSW., 
sometimes  to  NNE.,  and  often  quite  vertically.  The 
SSW.  dip  was  occasionally  succeeded  abruptly  by  a 
NNE.  dip,  and  this  by  a  vertical  cleavage,  or  again  by 
the  SSW,  dip;  as  in  a  lofty  cliflfon  the  eastern  end  of 
the  island  the  laminaa  of  slate  were  seen  to  be  folded 
into  very  large  steep  corves,  ranging  in  the  oaual  WNW. 
line,  I  Bospect  that  the  varying  and  opposite  dips  may 
possibly  be  accounted  for  by  the  cleavage-laniiuaB, 
though  to  the  eye  appearing  straight,  being  parts 
of  large  abrupt  curves,  with  their  summits  cut  off  and 
worn  down. 

In  several  places  I  was  particularly  struck  with  the 

<  The  c1a7-Blate  in  thia  island  waa  in  m&ny  places  croiiacd  bj 
parallel  smooth  joints.  Oat  of  five  oases,  the  angle  of  intencctloD 
between  the  striie  of  these  jointa  and  that  of  the  oleaTage-ltuniiue 
was  la  two  cues  4e'>  and  in  two  othera  79'. 
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feet,  th.it  the  fine  Uminx  of  tte  claT-sIate,  wliere  cnt- 
tintr  straight  through  tbe  bands  of  ?tna£cauoD.  and 
thertifore  indi^pitabfy  trne  c'^vaie-ptanes,  diSered 
Blicfhtiv  in  th*rir  (freviih  and  gre«iiili  tints  of  colour,  in 
coTTiffictr.f-i!.  and  io  fomeof  the  lamiiue  having  a  latber 
more  jai^iry  apfi^arance  than  others.  I  hare  not  seen 
thirl  fact  TcvsT^tA,  and  it  appears  to  me  important,  for 
it  fihows  that  the  same  can^  which  has  prodoced  the 
hiffhly  fi.-si!e  stmctore,  has  altered  in  a  blight  degree 
t:i<;  Diin';ralrfgical  character  of  the  rock  in  the  same 
plai)'^.  The  bands  of  Etratification.  jnst  alluded  to, 
can  be  di.~tiD(niished  in  many  places,  especially  in 
Xiivarin  I.Tlsind,  l.nt  only  on  the  w.-athered  surfaces  of 
thf  f-Int*: ;  tlif-y  n'lwA^X.  of  slightly  un'lulatorT  zones  of 
iJiffn-nt  fclifi'Jf.a  of  colour  and  of  thicknesses,  and  re- 
fiirjfilflf;  til';  marks  (more  closely  than  anything  else 
tfi  which  I  can  compare  them^  left  on  the  inside  of  a 
Vf+ffil  by  the  draiilin?  away  of  some  dirty  slightly 
afriiati:d  li'iHfir:  do  ditfiirence  in  composition,  corre- 
F[)riii'lliig  wilh  these  zones,  coald  be  seen  in  freshly 
fni'liircd  surfaces.  In  the  more  level  parts  of 
Naviirin  Ishind,  these  bands  of  stratification  were 
nearly  horizontal;  but  on  thu  Hunks  of  the  mountaina 
they  were  inclined  from  them,  bnt  in  no  instance  tliat 
I  B!iw  at  a  very  high  angle.  There  can,  I  think,  be  no 
tli)iiljt  that  these  zones,  which  appear  only  on  the 
wnjithcred  snrfiices,  are  the  last  Vfstiges  of  the  ori- 
ginal planes  of  stratification,  now  almost  obliterated 
by  the  highly  flHsile  and  altered  structure  which  the 
UiasH  liiis  assinni.'il. 

Tile  claj-Nliile  cleaves  in  the  same  WNW.  and  ESE. 
diri'i:fion,  as  on  Navarin  Island,  on  both  sides  of  the 
Iteiigle  Cliatmt^l,  on  the  eastern  side  of  Iloste  Island,  on 
the  Nlil.  side  of  Hardy  Peninsula,  and  on  the  northern 
point  of   WollastoQ   Island;    althongh   in   these  two 
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latter  localities  the  cleavage  has  been  much  ob.-icured 
by  the  metaraoi*pho3ed  and  feldspathic  coDdition  of  the 
slate.  Within  the  area  of  these  several  islands,  in- 
cluding Navarin  Island,  the  direction  of  the  stratiBca- 
tion  and  of  the  mountain-chains  is  very  obscure  ;  though 
the  moantains  in  several  places  appeared  to  range  in 
the  same  WNW.  line  with  the  cleavage:  the  outline 
of  the  coast,  however,  does  not  correspond  with  this 
line.  Near  the  bifurcation  of  the  Beagle  Channel, 
where  the  underlying  metamorphic  schists  are  first  seen, 
they  are  foliated  (with  some  irregularities)  in  this  same 
WNW,  line,  and  parallel,  as  before  stated,  to  the  main 
mountain-axis  of  this  part  of  the  country.  Westward 
of  this  main  range  the  metamorphic  Echists  are  foliated, 
though  less  plainly,  in  the  same  direction,  which  is 
lilcewise  ccnnmoa  to  the  zone  of  old  erupted  trappean 
rocks  forming  the  outermost  islets.  Hence  the  area, 
over  which  the  cleavage  of  the  slate  and  the  foliation  of 
the  metamorphic  schists  extends  with  an  average  WNW. 
and  ESE.  strike,  is  about  forty  miles  in  a  north  and 
south  line,  and  ninety  miles  in  an  east  and  west  line. 

Further  northward,  near  Port  Famine,  the  stratifi- 
cation of  the  clay-slate  and  of  the  aRsociated  rocks  is 
well  defined,  and  there  alone  the  cleavage  and  strata- 
planes  are  parallel.  A  little  north  of  this  port  there  is 
on  anticlinal  axis  ranging  NW.  (or  a  little  more  westerly) 
and  SE. :  south  of  the  port,  as  far  as  Admiralty  Sound 
and  Gabriel  Channel,  the  outline  of  the  land  clearly 
indicates  the  existence  of  several  lines  of  elevation  in 
this  same  NW.  direction,  which,  I  may  add,  is  so  uni- 
form in  the  western  half  of  the  St.  of  Magellan,  that, 
Its  Captain  King '  has  remarked, '  a  parallel  ruler  placed 
on  the  map  upon  the  projecting  points  of  the  south 
shore,  and  extended  across  the  strait,  will  also  touch 
>  '  Qeograph.  Joumal,'  voL  L  p.  110. 
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the  Iteadlaodn  ou  tbe  opposite  coast.'  It  would  appear, 
from  Captain  King's  observationSj  that  over  all  thii 
area  the  cleavage  extends  in  the  Eame  line.  Deep-water 
cbaimels,  however,  in  all  parts  of  Tierra  del  Fuego 
have  bnrst  through  the  trammels  both  of  strati ficaticn 
and  cleavage;  most  of  them  may  have  been  formed  during 
the  elevation  of  the  land  by  long-continued  erosion, 
but  others,  for  instance,  the  Beagle  Channel,  which 
stretches  like  a  narrow  canal  for  120  miles  obliquely 
through  tbe  mountains,  can  hardly  have  thus  originated. 

Finally,  we  have  seen  that  in  the  extreme  eastern 
point  of  Tierra  del  Fuego,  the  cleavnge  and  coast>-1ine9 
extend  AV.  and  E.  and  even  IVSW.  and  ESE. :  over  a 
large  area  westward,  tbe  cloavnge,  the  main  range  of 
mountains,  and  some  subordinate  ranges,  but  not  the 
outlines  of  the  coast,  strike  "WNW.  and  ESE. ;  in  the 
central  and  western  parts  of  the  Struit  of  JlagelJan,  the 
stratification,  the  monntain-mnges,  the  outlines  of  the 
coast,  and  the  cleavage  all  strike  nearly  NW.  and  SE. 
North  of  the  strait,  the  outline  of  the  const,  and  the 
monntiiins  on  the  mainland,  run  nearly  north  and 
south,  Iliiiice  we  Bee,  at  this  eoutliem  point  of  tho 
continent,  how  gradually  the  Cordillera  bend,  from 
their  nnrlh  and  south  course  of  so  many  thoustind  miles 
in  length,  into  an  E.  and  even  EXE.  direction. 

Wesi  Co'ist,  from  the  Sovlkem  Chonog  Inlands  to 
Northern  Chile. — Tiie  first  place  at  which  we  landed 
north  of  the  St.  of  Magellan  was  near  Cape  Tres  Montes, 
in  lat.  47°  S.  Between  this  point  and  the  northern 
Chonos  Islands,  a  distance  of  200  miles,  tbe  'Beagle' 
visited  several  points,  and  specimens  were  collected  for 
me  from  the  int-ennediiite  spaces  by  Lieut.  Stokes. 
The  predominant  rock  is  mica-slat<?,  with  thick  foiia 
of  qnartz,  very  frequently  alternating  with  and  passing 
into  a  chloritic,  or  into  a  llack,  glossy,  often  striated. 


K^\L:i^-i-'.J^i^aii^  rl^i* * ..  _^H\r^:  \ ' 
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slightly  anthracitic  schist,  which  amis  paper,  And  be- 
comes white  under  a  great  heat,  and  then  fuses.  Thio 
layers  of  feldspar,  swelling  at  intervals  into  well  crystal"* 
lised  kernels,  are  sometimes  included  in  these  black 
schists ;  and  I  observed  one  mass  of  the  ordinary  black 
variety  insensibly  lose  its  fissile  structure,  and  pass  into  a 
singular  mixture  of  chlorite,  epidote,  feldspar,  and  mica. 
Great  veins  of  quartz  are  numerous  in  the  mica-schist ; 
wherever  these  occur  the  folia  are  much  convoluted. 
In  the  southern  part  of  the  Peninsula  of  Tres  Montes^ 
a  compact  altered  feldspathic  rock  with  crystals  of 
feldspar  and  grains  of  quartz  is  the  commonest  variety ; 
this  rock  ^  exhibits  occasionally  traces  of  an  original 
brecciated  structure,  and  often  presents  (like  the  altered 
state  of  Tierra  del  Fuego)  traces  of  cleavage-planes, 
which  strike  in  the  same  direction  with  the  folia  of 
mica-schist  farther  northward.  At  Inchemo  Island,  a 
similar  rock  gradually  becomes  granulo-cryst-altine  and 
acquires  scales  of  mica ;  and  this  variety  at  S.  Estevan 
becomes  highly  laminated,  and  though  still  exhibiting 
some  rounded  grains  of  quartz,  passes  into  the  black, 
glossy,  slightly  anthracitic  schist  which,  as  we  have 
seen,  repeatedly  alternates  with  and  passes  into  the 
micaceous  and  chloritic  schists.  Hence  all  the  rocks 
on  this  line  of  coast  belong  to  one  series,  and  insensibly 
vary  from  an  altered  feldspathic  clay-slate  into  largely 
foliated;  true  mica-schist. 

The  cleavage  of  the  homogeneous  schists,  the  folia- 
tion of  those  composed  of  more  or  less  distinct  minerals 
in  layers,  and  the  planes  of  alternation  of  the  different 
varieties  or  so-called  stratification  are  all  parallel,  and 
preserve  over  this   200   miles  of  coast  a  remarkable 

*  The  pecnliar,  abruptly  conical  form  of  the  hills  in  this  neigh- 
bourhood, would  have  1^  any  one  at  first  to  have  supposed  that  they 
bad  been  formed  of  injected  or  intrusive  rocks. 

80 
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degree  of  oniformity  in  direction.  At  the  northern 
end  of  the  groap,  at  Low's  Harbour,  the  well-defined 
folia  of  mica-schist  everywhere  ranged  within  eight 
degrees  (or  less  than  one  point  of  the  compass)  of 
N.  19«^  W.  and  S.  19°  E. ;  and  even  the  point  of  dip 
varied  very  little,  being  always  directed  to  the  west  and 
generally  at  an  angle  of  forty  degrees :  I  shonld  mention 
that  I  had  here  good  opportunities  of  observation,  for  I 
followed  the  naked  rock  on  the  beach,  transversely  to 
the  strike,  for  a  distance  of  foor  miles  and  a  half,  and 
all  the  way  attended  to  the  dip.  Along  the  outer  islands 
for  100  miles  south  of  Low's  Harbour,  Lieutenant  Stokes, 
during  his  boat-survey,  kindly  observed  for  me  the  strike 
of  the  foliation,  and  he  assures  me  that  it  was  invariably 
northerly,  and  the  dip  with  oue  single  exception  to  the 
west.  Farther  south,  at  Vallenar  Bay,  the  strike  was 
almost  universally  N.  25°  W.,  and  the  dip,  generally  at 
an  angle  of  about  40°  to  W.  25°  S.,  but  in  some  places 
almost  vertical.  Still  farther  south,  in  the  neighbour- 
hood of  the  harbours  of  Anna  Pink,  S.  Estevan,  and  S. 
Andres,  and  (judging  from  a  distance)  along  the  southern 
part  of  Tres  Montes,  the  foliation  and  cleavage  extended 
in  a  line  between  [N.  11°  to  22°  W.]  and  [S.  11°  to 
22°  E.]  ;  and  the  planes  dipped  generally  westerly,  but 
often  easterly,  at  angles  varying  from  a  gentle  inclina- 
tion to  vertical.  At  A.  Pink's  Harbour,  where  the 
schists  generally  dipped  easterly,  wherever  the  angle 
became  high,  the  strike  changed  from  N.  1 1°  W.  to 
even  as  much  as  N.  45°  W. :  in  an  analogous  manner 
at  Vallenar  Bay,  where  the  dip  was  westerly  (viz.  on  an 
average  directed  to  W.  25°  S.),  as  soon  as  the  angle 
became  very  high,  the  planes  struck  in  a  line  more 
than  25°  west  of  north.  Tlie  average  result  from  all 
the  observations  on  this  200  miles  of  coast,  is  a  strike 
of  N.  19°  W.  and  S.  19°  E. :  considering  that  in  each 
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specified  place  my  examination  extended  over  an  area 
of  several  milea,  and  that  Lieut.  Stokea'  observations 
apply  to  a  length  of  100  miles,  I  think  this  remarkable 
nniformity  is  pretty  well  established.  The  prevalence, 
throogbont  the  northern  half  of  this  line  of  coast,  of  a 
dip  in  one  direction,  that  is,  to  the  west,  instead  of  being 
Bometitnes  v^eet  and  sometimes  east,  is,  judging  from 
what  I  have  elsewhere  seen,  an  nnusaal  circumstance. 
In  Brazil,  La  Plata,  the  Falkland  Islands,  and  Tierra 
del  Faego,  Here  is  generally  an  obvioos  relation  be- 
tween the  axe)  of  elevation,  the  outline  of  the  coast, 
and  the  Bbike  of  the  cleavage  or  foliation :  in  the 
ChonoB  Archipelago,  however,  neither  the  minor  details 
of  the  coast-line  nor  the  chain  of  the  Cordillera,  nor 
the  subordinate  transverse  monntwn-axes,  accord  with 
the  strike  of  the  foliation  and  cleavage :  the  seaward 
face  of  the  nnmarona  islands  composing  this  archi- 
pelago, and  apparently  the  line  of  the  Cordillera,  range 
H.  11°  E.,  whereas,  as  we  have  just  seen,  the  average 
strike  of  the  foliation  is  N.  19°  W. 

There  is  one  interesting  exception  to  the  uniformity 
in  the  strike  of  the  foliation.  At  the  northern  point 
of  Tres  Montes  (lat.  45°  52')  a  bold  chain  of  granite, 
between  2,000  and  3,000  feet  in  height,  runs  from  the 
coast  far  into  the  interior,'  in  a  ESE.  line,  or  more 
strictly  E.  28°  S.  and  W.  28°  N.  In  a  bay,  at  the  north- 
em  foot  of  this  range,  there  are  a  few  islets  of  mica- 
slate,  with  the  folia  in  some  parts  horizontal,  bnt  mostly 
inclined  at  an  average  angle  of  20°  to  the  north.  On 
the  northern  steep  Bank  of  the  range,  there  are  a  few 
patches  (some  qnite  isolated,  and  not  larger  than  half-a- 

'  Id  the  diBiance,  other  monntaiDB  could  be  seen  appareatly 
nnging  NMB.  and  SSW.  at  right  angles  to  thil  one.  I  ma;  add, 
that  not  (ar  from  Tallenai  Bay  there  is  a  fins  range,  apparently  ol 
granite,  vhlch  baa  bust  throngb  the  mka-slate  in  ■  HB.  bj  B.  and 
SW.  by  8.  UiM. 
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crown!)  of  the  mica-schUt,  foliuited  with  the  same 
nortlterly  dip.  On  the  broad  samtnit,  as  far  u  the 
BODthem  crest,  there  ia  much  mica-slate,  to  BOtnO  places 
eren  400  feet  in  thickness,  with  the  f  jlia  all  dipping 
north,  at  angles  varying  from  5°  to  20'',  bnt  sometimoe 
tDoonting  np  to  80°.  The  sonthem  flank  coneists  of 
bare  granite.  The  tDica-sIate  is  penetrated  by  small 
veins'  of  granite,  branching  from  the  main  body. 
I^eaving  ont  of  view  the  prevalent  strike  of  the  folia  in 
other  parts  of  this  archipelago,  it  might  have  been 
expected  that  here  they  would  have  dipped  K,  28°  E., 
that  is,  directly  from  the  ridge,  and,  considering  its 
abruptness,  at  a  high  iaclination ;  but  the  real  dip,  as 
we  have  just  seen,  both  at  the  foot  and  on  the  northern 
flank,  and  over  the  entire  snmmit,  is  at  a  small  angle, 
and  directed  nearly  due  north.  From  these  considera- 
tions it  occurred  to  me,  that  perhaps  we  here  had  the 
novel  and  curious  case  of  already  inclined  laminae 
obliquely  tilted  at  a  subsequent  period  by  the  granitic 
axis.  Mr.  Hopkins,  SO  well  known  from  his  mathe- 
matical investigations,  has  most  kindly  calculated  the 
problem :  the  proposition  sent  waa,-~take  a  district 
composed  of  laminae,  dipping  at  an  angle  of  40°  to 
W.  19°  S.,  and  let  an  axis  of  elevation  traverse  it  in  an 
E.  28°  S.  line,  what  will  the  position  of  the  laminee  be 
on  the  northern  flank  eSter  a  tilt,  we  will  first  suppose, 
of  45°?  Mr,  Hopkins  informs  me,  that  the  angle  of 
the  dip  will  be  28°  31',  aud  it«  direction  to  north 
30°  33' west,*     By  varying  the  supposed  angle  of  the 

■  The  granite  within  these  Teios,  as  well  b4  geacT&lly  at  tha 
jnnctionnith  the  oiica- Elate,  is  more  qnertzose  than  elscwheie.  Tfae 
granite,  1  may  add,  ia  travencd  b;  dilips  ruDoing  for  a  vctj  great 
leDgtb  in  the  line  of  the  moantaiiia;  thej  are  composed  of  a  some- 
what lajoinated  eurite,  containing  cr^stalB  of  feldspar,  liombletidav 
kud  octagons  of  qoarta. 

■  On  the  sonthside  of  theaxiB  (wbere,  however,  I  did  not  see  anj 
mlOB-slate)  tb«  dip  of  the  folia  would  be  at  an  angle  of  TT°  65*, 
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tilt,  oar  previously  iocliDed  folia  can  be  thrown  into 
any  angle  between  26°,  which  is  the  least  possible  angle, 
and  90° ;  but  if  a  small  inclination  be  thus  given  to 
them,  their  point  of  dip  will  depart  far  from  the  north, 
snd  tbCTefore  not  accord  with  the  actual  position  of  the 
folia  of  mica-schist  on  our  granitic  range.  Hence  it  ap- 
pears very  difficult,  without  varying  considerably  the  ele- 
ments ofthe'problem,  thus  to  explain  the  anomaloas  strike 
and  dip  of  the  foliated  mica-Bchist,  especially  in  those 
parts,  namely,  at  the  base  of  the  range,  where  the  folia 
are  almost  horizontal.  Mr.  Hopkins,  however,  adds, 
that  great  irregularities  and  lateral  thrnsta  might  be 
expected  in  every  great  line  of  elevation,  and  that  these 
wonld  accoant  for  considerable  deviations  from  tbo 
calcniated  results :  considering  that  the  granitic  axis, 
as  shown  by  the  veins,  has  indisputably  been  injected 
after  Uie  perfect  formation  of  the  mica-slate,  and  con- 
sidering the  uniformity  of  the  strike  of  the  folia  through- 
out the  rest  of  the  archipelago,  I  cannot  but  still  think 
that  their  anomalous  position  at  this  one  point  is 
someway  directly  and  mechanically  related  to  the  in- 
trosion  of  this  WNW.  and  £!SE.  mountain-chain  of 
granite. 

Dikes  are  frequent  in  the  metamorphic  schists  of  the 
ChoDOS  Islands,  and  seem  feebly  to  represent  that  great 
band  of  trsppean  and  ancient  volcanic  rocks  on  the 
sostli-weetero  coaet  of  T.  del  Fuego.  At  S.  Andres  I 
observed  in  the  space  of  hdf  a  mile,  seven  brood,  parallel 
dikes,  composed  of  three  varieties  of  trap,  running  in  a 
NW.  aod  SE.  line,  parallel  to  the  neighbouring  monn- 
tain-ranges  of  altered  clay-slate;  but  they  must  be  of 
long  subsequent  origin  to  tliese  mountains ;  for  they 
directed  to  the  west  36°  33'  sonth.  Hence  the  two  points  of  dip  on 
the  opposite  sldta  of  the  range,  instead  of  being  u  in  ordinarr  cases 
direcUj  opposed  to  each  o^ei  at  an  angle  of  180°,  would  heie  b* 
imlj  SS"  60*  apart. 
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intersected  the  Tolcaaic  formation  described  in  the  last 
chapter.  North  of  Tres  Montes,  I  noticed  three  dikea 
differiog  from  each  other  in  composition,  one  of  them 
having  an  eoritic  base  including  large  octagons  of 
qnartz;  these  dikes,  as  well  as  several  of  porphyritio 
greenstone  at  Yallenar  Bay,  extended  NE.  and  SW., 
nearly  at  right  angles  to  the  foliation  of  the  achiets, 
but  in  the  line  of  their  joints.  At  Low's  Barbour, 
however,  a  set  of  great  parallel  dikes,  one  ninety  yards 
and  another  sixty  yards  in  width,  have  been  gnided  by 
the  foliation  of  the  mica-schist,  and  hence  are  inclined 
westward  at  an  angle  of  45° :  these  dikes  are  formed  of 
various  porphyritio  traps,  some  of  which  are  remarkable 
from  containing  nnmerons  ronnded  grains  of  qnartz. 
A  porphyritio  trap  of  this  latter  kind,  passed  in  one  of 
the  dikes  into  a  most  canons  homstone,  perfectly  white, 
with  a  waxy  fractnre  and  pellocid  edges,  fusible,  and 
containing  many  grains  of  quartz  and  specks  of  iron 
pyrites.  In  the  ninety  yard  dike  Bereral  large,  appa- 
rently now  quite  isolated  fragments  of  mica-slato  were 
embedded ;  but  as  their  foliation  was  exactly  parallel 
to  that  of  the  Bnrrounding  solid  rock,  no  donbt  these 
now  separate  fragments  originally  formed  wedge-shaped 
depending  portions  of  a  continuous  vault  or  crust, 
once  extending  over  the  dike,  but  since  worn  down  and 
denuded. 

ChUot  VaMivia,  Concepdon. — In  Chiioe,  a  great 
formation  of  mica-schist  strikingly  resembles  that  of 
the  Ghonos  lalands.  For  a  space  of  eleven  miles  on 
the  SE.  coast,  the  folia  were  very  distinct,  though 
slightly  convoluted,  and  ranged  within  a  point  of  NNW. 
and  SSE.,  dipping  either  ENE.  or  more  commonly 
WSW.,  at  an  average  angle  of  22*'  (in  one  spot,  however, 
at  00^,  and  therefore  decidedly  at  a  lesser  inclination 
than  amongst  the  Chonos  Islands.  On  the  west  and 
sorth-wcatem  shores,  the  foliation  was  often  obscore. 
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thoDgh,  where  best  definecl,  it  ranged  within  a  point  of 
N.  by  W.  and  S.  by  E,,  dipping  either  easterly  or 
westerly,  at  varying  and  generally  very  small  angles. 
Hence,  from  the  southeni  part  of  Tres  Montes  to  the 
northern  end  of  Chiloe,  a  distance  of  300  tnilee,  we 
haye  closely  allied  rocks  with  their  folia  striking  on  an 
average  in  the  same  direction,  namely,  between  N.  11° 
and  22"  W.  Again,  at  Valdivia,  we  meet  with  the 
same  mica-scMBt,  exhibiting  nearly  the  same  minera- 
logical  passages  as  in  the  Chonoa  Archipelago,  often, 
however,  becoming  more  ferrnginous,  and  containing 
80  mnch  feldspar  as  to  pass  into  gneiss.  The  folia  were 
generally  well  defined ;  bat  nowhere  else  in  South 
America  did  I  see  them  Taryiog  so  mnch  in  direction : 
this  seemed  chiefly  caused  by  their  forming  parte,  as  I 
could  sometimes  distinctly  trace,  of  large  fiat  curves  : 
nevertheless,  both  near  the  settlement  and  towards  the 
interior,  a  NW.  and  SE.  strike  seemed  more  freqnent 
than  any  other  direction;  the  angle  of  the  dip  was 
generally  small.  At  Concepcion,  a  highly  glossy  clay- 
slate  had  its  cleavage  often  slightly  curvilinear,  and 
inclined,  seldom  at  a  high  angle,  towards  various  points 
of  the  compass ; '  but  here,  as  at  Valdivia,  a  NW.  and 

'  I  observed  in  some  parts  that  the  tops  of  the  lamiiue  of  tbe 
daj-date  (fr  of  the  diagiam)  rnider  tbe  BQperticial  detritiu  and  soil 
(d)  were  bent,  sometimes  without  be<  u„  on 

Va%   broken,  as   represented  in  tbe 
ac<^mpaii<riiig    diagrajn,    which    !a    ' 
copied  from  one  j^iven  b;  Sir.  H.  De 
la  Beche  (p.  4S,  >  Geological  Hannal') 

of  an  eittctly  similar  phen '- 

Devonehire,    Mr.R.A.  C.  A 

in  hia  excellent  paper  on  S.B.  Devon 

<'  Geolog-.  Transact.'  vol.  vi.  p.  43T),  has  described  this  phenomenon ;: 

be  ttltribntes  it  to  the  action  of  frosts,  bat  at  the  same  lime  donbtB' 

whether  the  frosts  of  the  present  day  prnetrateto  a  sufficient  depth. 

As  it  is  known  that  earthquakes  particnlarly  affect  the  mrface  of  thS' 

groand.it  occurred  to  me  thAt  this  appearance  might  perhape  be  due. 


at  least  at  Concepcion,  to  their  freqnent  occurrence ;  the  snperfldali 
layers  of  detiitos  beiiig  eithet  jerked  in  one  dizection,  or,  wbera  tha- 
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SB.  strike  seemed  to  be  the  most  frequent  one.  In 
certain  spot*  large  quartz  veins  were  numeroua,  and 
near  them  th<}  cleavnge,  as  was  the  cose  with  the  fulia- 
tion  of  the  schists  in  the  Chonos  Archipelago,  became 
extremely  tortuous. 

At  the  Dorthern  end  of  Quiriqnin&  Island,  in  the 
Bay  of  Concepcion,  at  least  eight  rudely  parallel  dikes, 
which  have  been  guided  to  a  certain  extent  by  the 
cleavage  of  the  slate,  occur  within  the  space  of  a  quarter 
of  a  mile.  They  vary  much  in  composition,  resembling 
in  many  respects  the  dikes  at  Low's  Harbour:  the 
greater  number  consist  of  feldspathic  porphyries,  some- 
times containing  grains  of  quartz:  ono,  however,  waa 
black  and  brilliant,  like  an  augitic  rock,  but  really 
formed  of  feldspar ;  others  of  a  feldspathic  nature  were 
Perfectly  white,  with  either  an  earthly  or  crystalline 
fracture,  and  including  grains  and  regular  octagons  of 
quartz ;  these  white  varieties  passed  into  ordinary  green- 
stones. Although,  both  here  and  at  Low's  Harbonr, 
the  nature  of  the  rock  varied  considerably  in  the  same 
dike,  yet  I  cannot  but  think  that  at  these  two  places 
and  in  other  parts  of  the  Chonos  group,  where  the  dikes, 
though  close  to  each  other  and  running  parallel,  are  of 
diSerent  composition,  that  they  must  have  been  formed 
at  different  periods.  In  the  case  cf  Quinquina  this  is  & 
rather  interesting  conclusion,  for  these  eight  parallel 
dikes  cut  through  the  metamorphic  schists  in  a  NW. 
and  SE.  line,  and  since  their  injection  the  overlying 
cretaceous  or  tertiary  strata  have  been  tilted  (whilst 
still  Quder  the  sea)  from  a  NW.  by  N.  and  SE.  by 

farface  was  Inclined,  pnalicd  a  little  downwardi  daring  each  itrong 
Tlbiution.  In  NoTtb  Wales  I  have  aoeo  a  ■omewhat  analogous  bat 
leKS  regular  appearance,  though  on  a  greater  scale  (■  London  PbiL 
Mag.' vol.  xxi  p.  184),  and  prodnceil  bj  a  quite  diffarent  canaa, 
namely,  b7  the  stranding  of  great  icebergsi  this  latter  sppmiaooc 
has  alio  been  observed  in  tfoiLh  America. 
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8.  line;  and  t^aia,  dunng  the  great  earthquake  of 
February  1835,  the  ground  in  this  neighbonrhood  was 
fissured  in  NW.  and  SK.  lines ;  and  from  the  manner  in 
which  buildings  were  thrown  down,  it  was  evident  that 
the  anrfoce  nndulated  in  this  same  direction.' 

Ctmi/ral  arid  Northern  Chile. — Northward  of  Con- 
cepcion,  as  far  as  Copiapo,  the  shores  of  the  Pacific 
consist,  with  the  exception  of  some  small  tertiary  basins, 
of  gneiss,  mica-achist,  altered  clay-slate,  granite,  green- 
stone and  syenite :  hence  the  coast  from  Tres  Montes 
to  Copiapo,  a  distance  of  1,200  miles,  and  I  hare  reason 
to  believe  for  a  mnch  greater  space,  is  almost  similarly 
constituted. 

Near  Valparaiso  the  prevailing  rock  is  gneiss, 
generally  including  much  hornblende :  concretionary 
balls  formed  of  feldspar,  hornblende  and  mica,  from 
two  to  three  feet  in  diameter,  are  in  very  many  places 
conformably  enfolded  by  the  foliated  gneiss:  veins 
of  quartz  and  feldspar,  including  black  schorl  and  well- 
oystallised  epidote,  are  namerous.  Epidote  likewiEe 
occurs  in  the  gnoies  in  thin  layers,  parallel  to  the  folia- 
tion of  the  mass.  One  large  vein  of  a  coarse  granitic 
character  was  remarkable  from  in  one  part  quite 
changing  its  character,  and  insensibly  passing  into  a 
blackish  porphyry,  including  acicnlar  crystals  of  glassy 
feldspar  and  of  hornblende :  I  have  never  seen  any  other 
Buch  case.* 

I  shall  in  the  few  following  remarks  on  the  rocks  of 
Chile  allude  exclusively  to  their  foliation  and  cleavage. 
In  the  gneiss  ronnd  Valparaiso  the  strike  of  the  foliation 
is  very  variable,  but  I  think  abont  N.  by  W.  and  S.  by 

>  *Oeolog.  Tniiia.'vaL  vL  pp.  602  and  61T.  'Joonial  of  B^ 
■MTohes'  (itiA  edit.),  p.  SOT. 

■  Humboldt  (' FeiBODBl  KamUTD,' vol.  Iv,  p.  SO)bai  desoijbcd 
With  mDOh  Bnrpriw,  concretiocai?  t^lB,  with  conoentrio  divL-ionH, 
oomposed  of  pulially  vitTeoiiB  (eldipar,  hombkode,  and  gaina  t, 
bioladed  wiihln  great  vei&a  of  gneiM,  which  cat  across  the  mkft- 
slBt«  near  Veneiaela. 
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£.  is  the  commonest  direction ;  this  likewise  holds  good 
with  the  clearage  oF  the  altered  feldspathic  clay-slates, 
occasionally  met  with  on  the  coast  for  ninety  miles  north 
of  Valparaiso.  Some  feldspathic  slate,  alternating  with 
strata  of  clay-stone  porphyry  in  the  Bell  of  Quillota 
and  at  Jajuel,  and  therefore,  perhaps,  belonging  to  a 
later  period  than  the  metamorphic  schists  on  the  coast, 
cleaved  in  this  same  direction.  In  the  eastern  Cordillera, 
in  the  Portillo  Pass,  there  is  a  grand  mass  of  nuca- 
slate,  foliated  in  a  north  and  soath  line,  and  with  a 
high  westerly  dip :  in  the  Uspallata  range,  clay-slate 
and  graowacke  have  a  highly  inclined,  nearly  north  and 
south  cleavage,  though  in  some  parts  the  strike  is  irreg- 
ular :  in  the  main  or  Cumbre  range,  the  direction  of  the 
cleavage  in  the  feldspathic  clay-slate  is  NW.  and  SE. 

Between  Coquirabo  and  Guasco  there  are  two  con- 
siderable formations  of  mica  slate,  in  one  of  which  the 
rock  passed  sometimes  into  common  clay-slate  and  some* 
times  into  a  glossy  black  variety,  very  like  that  in  the 
Chonos  Archipelago.  The  folia  and  cleavage  of  these 
rocks  ranged  between  [N.and  NW.  by  N.]  and  [S.  and 
SW.  by  S.]  Near  the  Port  of  Guasco  several  varieties 
of  altered  clay-slate  have  a  quite  irregular  cleavage. 
Between  Guasco  and  Copiapo,  there  are  some  siliceous 
and  talcaceous  slates  cleaning  in  a  north  and  south  line, 
^ith  an  easterly  dip  of  between  60°  and  70° :  high  up, 
also,  the  main  valley  of  Copiapo,  there  is  mica-slate 
with  a  high  easterly  dip.  In  the  whole  space  between 
Valparaiso  and  Copiapo  an  easterly  dip  is  much  more 
common  than  an  opposite  or  westerly  one. 

Concluding  Remarks  on  Cleavage  and  Foliation, 

In  this  southern  part  of  the  Southern  HemispherOi 
we  have  seen  that  the  cleavage-laminae  range  over  wide 


OHAP.  zm.       Cleavage  and  Foliation,  461 

areaa  with  remarkable  nnifonnitj,  catting  Btraight 
fchrough  the  planea  of  stratiQcatioa,'  bat  yet  being 
parallel  in  strike  to  the  main  axes  of  elevation,  aad 
generally  to  the  outlines  of  the  coast.  The  dip,  how- 
ever, is  as  variable,  both  in  anglo  and  in  direction  (that 
is,  sometimes  being  incliaed  to  the  one  side  and  some- 
times to  the  directly  opposite  side),  as  the  strike  is 
anifonn.  In  all  these  respects  there  is  a  close  agree* 
ment  with  the  facts  given  by  Professor  Sedgwick  in  hia 
celebrated  memoir  in  the '  Geological  Transactions,'  and 
1:^  Sir  R,  I.  Murchiaou  in  his  varioos  excellent  dis- 
cassiona  on  this  subject.  The  Falkland  Islands,  and 
more  especially  Tierra  del  Faego,  offer  striking  instances 
of  the  lines  of  cleavage,  the  principal  axes  of  elevation, 
and  the  ontlines  of  the  coast,  gradually  changing 
together  their  courses.  The  direction  which  prevails 
throaghout  Tierra  del  Faego  and  the  Falkland  Islaods, 
namely,  from  west  with  some  northing  to  east  with 
Bome  southing,  is  also  common  to  the  several  ridges  in 
northern  Patagonia  and  in  the  western  parts  of  Bands 
Oriental ;  in  this  latter  province,  in  the  Sierra  Tapalguen, 
and  in  the  western  Falkland  Island,  the  W.  by  N.,  or 
WNW,  and  ESB.,  ridges,  are  crossed  at  right  angles  by 
others  ranging  NNE.  and  SSW. 

The  fai^t  of  the  cleavage-laminee  in  the  clay-slate  of 
Tierra  del  Faego,  where  seen  catting  straight  through 
the  planes  of  stratification,  and  where  consequently 
there  could  be  no  doubt  aboat  their  nature,  differing 
slightly  in  coloar,  texture,  and  hardness,  appears  to  me 
very  interesting.  In  a  thick  mass  of  laminated,  feld- 
Bpathic  and  altered  clay-elate,  interposed  between  two 

<  In  107  p'pei  on  the  Falkland  Islaada  (toI  til.  p.  2ST  '  O^iolog- 
fcsl  Journal'),  I  have  g;iven  a  curioas  case  on  the  authoriC;  of  Onpt. 
SoliTaD,  R.N.,  of  mocb  filded  beds  of  olay-slaU,  in  «ome  of  which  tba 
cleavage  ts  perpeodicnlar  to  the  horlian,  and  in  otbeiB  it  Is  perpen- 
dionlar  to  eachcDTvatiireoTfgldof  tbob«d;  tbliappeanaoewcaae. 
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greftt  ftraita  of  parphjritic  ooagfomenfte  in  eoitnl 
Cbile.  ft&d  wbere  there  ocmld  be  bat  litde  dcyabt  mbent 
the  bedding.  I  o?:^erred  similar  slight  differeiiDes  in  oom- 
pcfsitioa,  and  likewise  some  distinct  thin  !jiven  of 
epidote,  parallel  to  the  highly  inclined  clean^  of  the 
mass.  Again,  I  incidentally  noticed  in  Xonh  Wales,^ 
where  glaciers  had  passed  orer  the  truncated  edges  oi 
the  highly  inclined  laminae  of  clay-slate,  that  the  sarfaoOi 
though  smooth,  was  worn  into  small  parallel  nndola- 
tions^caosed  by  the  component  lamins  being  of  slightly 
different  degrees  of  hardness.  With  reference  to  the 
slates  of  North  Wales,  Professor  Sedgwick  describes  the 
planes  of  cleavage,  as  '  coated  over  with  chlorite  and 
S';mi-cry8talline  matter,  which  not  only  merely  define  the 
planes  in  question,  bat  strike  in  parallel  flakes  throngh 
the  whole  mass  of  the  rock.''  In  Fome  of  those  glossy 
and  hard  varieties  of  clay-slate  which  may  often  be 
seen  passing  into  mica-schist,  it  has  appeso^  to  me  that 
the  cleavage-planes  were  formed  of  excessively  thin, 
generally  slightly  convoluted,  folia,  composed  of  micro- 
scopically minnte  scales  of  mica  From  these  several 
facts,  and  more  especially  from  the  case  of  the  clay- 
slate  in  Tierra  del  Faego,  it  mast,  I  think,  be  con- 
cluded, that  the  Fame  power  which  has  impressed  on 
the  slate  its  fissile  structure  or  cleavage  has  tended 
to  modify  its  mineralogical  character  in  parallel 
planes. 

Tx^t  ns  now  tnm  to  the  foliation  of  the  meta- 
morphic  schists,  a  subject  which  has  been  much  less 
attended  to.  As  in  the  case  of  cleavage-laminaB,  the 
folia  preserve  over  very  large  areas  a  uniform  strike : 
thus  Uumboldt'  found  for  a  distance  of  300  miles  in 

>  <  London  Phil.  Mag.*  vol.  xjd.  p.  182. 

•  "Qeological  Tiuna.  vol.  lii.  p.  471. 

'  '  Personal  Narratiye/  toI.  ti.  p.  591,  et  teq. 
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VfiDeznels,  anii  indeed  over  «  macli  larger  space,  gneiss, 
granite,  mica,  and  clay-slate,  striking  veiy  Dniformly 
NE.  and  SW.,  and  dipping  at  an  angle  of  between  60" 
and  70°  to  NW.:  it  would  even  appear  from  the  facts 
given  in  ttis  chapter,  that  the  metamorphic  rocks 
thronghout  the  north-eastern  part  of  S.  America  are 
generally  foliated  within  two  points  of  NE,  and  SW. 
Over  the  eastern  parts  of  Banda  Oriental,  the  foliation 
strikes  with  a  high  inclination,  very  uniformly  NNE.  to 
SSW.,  and  over  the  western  parts,  in  a  W.  by  N,  and 
E.  by  S.  line.  For  a  space  of  300  miles  on  the  shores 
of  the  CboQOS  and  Chiltte  Islands,  we  have  seen  that  the 
foliation  seldom  deviates  more  than  a  point  of  the  com- 
pass from  a  N.  19°  W.  and  S.  19°  E.  strike.  As  in  the 
case  of  cleavage,  the  angle  of  the  dip  in  foliated  rocks 
is  generally  high  but  variable,  and  alternates  from  one 
side  of  the  line  of  strike  to  the  other  side,  sometimes 
being  vertical :  in  the  northern  Cfaonos  Islands,  however, 
the  folia  are  inclined  almost  always  to  the  west;  in 
nearly  the  same  manner,  the  cleavage  laminre  in 
southern  Tierra  del  Fuego  certainly  dip  much  more 
frequently  to  SSW.  than  to  the  opposite  point.  In 
eastern  Banda  Oriental,  in  parts  of  Brazil,  and  in  some 
other  districts,  the  foliation  nins  in  the  aame  direction 
with  the  mountain-ran ges  and  adjoining  coast-lines: 
■  amongst  the  Chonos  Islands,  however,  this  coincidence 
fails,  and  I  have  given  my  reasons  for  suspecting 
that  one  granitic  axis  has  burst  through  and  tilted  the 
already  inclined  folia  of  mica-schist :  in  the  cose  of 
cleavage,'  the  coincidence  between  its  strike  and  that 
of  the  main  stratification  seems  sometimes  to  faU. 
Foliation  and  cleavage  resemble  each  other  in  the  planes 
winding  round  concretions,  and  in  becoming  tortuous 
'  CaiesaregiTeiibf  Mr.  Jakea,iQhli'GeoIog]'of  HewfoondlMid,' 
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where  veins  of  qaartz  abonnd.'  On  tbe  Sanks  of  the 
moantalns  both  in  Tierra  del  Faego  and  in  other 
coantries,  I  have  observed  that  the  clearage-planes  fr&- 
qaenclj  dip  at  a  high  angle  inwards ;  and  this  was  long 
a^  observed  bv  Von  Bach  to  be  the  case  in  Norway : 
this  fact  is  perhaps  analogous  to  the  folded.  &n-Iike  or 
raliatiDg  stni'Hure  in  the  metamorphic  schists  of  the 
Alps,'  in  which  the  folia  in  the  cpntral  crests  are  vertical 
and  on  the  two  flanks  inclined  inwards.  Where  masses 
of  fi.«sile  and  foliated  rocks  alternate  together,  the  cleav* 
age  and  foliation,  in  all  cases  which  I  have  seen,  are 
parallel.  Where  in  one  district  the  rocks  are  fissile, 
and  in  another  adjoining  district  they  are  foliated,  the 
planes  of  cl^^avage  and  foliation  are  likewise  generally 
parallel:  this  is  the  case  with  the  feldspathic  homo- 
geneous slates  in  thesoathem  part  of  the  Chonos  group, 
compared  with  the  fine  foliated  mica-schists  of  the 
northern  part;  so  again  the  clay-slate  of  the  whole 
eastern  side  of  Tierra  del  Fuego  cleaves  in  exactly  the 
same  line  with  the  foliated  gneiss  and  mica-sIate  of  the 
western  coast;  other  analogous  instances  might  have 
been  adduced.' 

With  respect  to  the  origin  of  the  folia  of  quartz, 
mica,  feldspar,  and  other  minerals  composing  the  meta* 
morphic  schists,  Professor  Sedgwick,  Mr.  Lyell  and 
most  authors  believe,  that  the  constituent  parts  of  each 
layer  were  separately  deposited  as  sediment,  and  then 

'  I  have  seen  in  Brazil  and  Chile  concretions  thos  enfolded  by 
foliati^l  g^neisH;  and  Macculloch  (*  Hij^hlauds/  vol.  i.  p.  64)  hag 
di'Hcri^Mid  a  similar  case.  For  analogous  cases  in  clay-slate,  see 
i*rof  llcnxlow's  Memoir  in  *  Cambridge  Phil.  Trans.'  vol.  i.  p.  379, 
and  M.'iccul loch's  *Clai*H.  of  Hocks,' p.  351.  With  respect  to  both 
foliation  and  cleavage  becoming  tortuous  where  quartz- veins  abound, 
I  have  seen  inntunces  near  Monte  Video,  at  Concepcion,  and  in  the 
Chonos  Islands,  bee  also  llr.  Qreeuough's  *  Critical  Examination^' 
p.  78. 

■  Studer  in  •  Kdin.  New  PhiL  Journal,'  vol.  xxiii.  p.  144. 

*  I  have  given  a  case  in  Australia.  See  Chapter  YIL  of  this 
Work. 
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metamorphosed.  This  view,  in  the  majority  of  cases,  I 
believe  to  be  quite  untenable.  In  those  not  uncommon 
instances,  where  a  mass  of  clay-slate,  in  approaching 
granite,  gradually  passes  into  gneiss,'  wa  clearly  see 
thnt  folia  of  distinct  minerals  can  originate  through  the 
nietamorphoBis  of  a  homogeneouB  fissile  rock.  The  de- 
position, it  may  be  remarked,  of  numberless  alternations 
of  pure  quartz,  and  of  the  elements  of  mica  or  feldspar, 
does  not  appear  a  probable  event.*  In  those  districte 
in  which  the  metamorphic  schists  are  foliated  in  planes 
parallel  to  the  cleavage  of  the  rocks  in  an  adjoining 
district;  are  we  to  believe  that  the  folia  are  dne  to 
sedimentary  layers,  whilst  the  cleavage-laminas,  though 
parallel,  have  no  relation  whatever  to  such  planes  of 
deposition  ?  On  this  view,  how  can  we  reconcile  the 
vastnesB  of  the  areas  over  which  the  strike  of  the  folio- 
tion  is  uniform,  with  what  we  see  in  disturbed  districts 
composed  of  true  strata :  and  especially,  how  can  we 
onderstaud  the  high  and  even  vertical  dip  throughout 
many  wide  districts,  which  are  not  mountainous,  and 
tiironghout  some,  as  in  western  Bacda  Oriental,  which 
are  not  even  hilly  ?  Are  we  to  admit  that  in  the 
northern  part  of  the  Chonos  Archipelago,  mica-slate  was 
first  accumulated  in  parallel  horizontal  folia  to  a  thick- 
ness of  about  four  geographical  miles,  and  then  upturned 
at  an  angle  of  forty  degrees ;  whilst,  in  the  southern 
port  of  this  same  archipelago,  the  cleavage-lamiuEB 
of  closely  allied  rocks,  which  none  would  imagine  had 
ever  been  horizontal,  dip  at  nearly  the  same  angle,  to 
Dearly  the  same  point  ? 

Seeing,  then,  that  foliated  schists  indisputably  are 

■  I  h&Ti)  described  (in  Chapter  YIL  of  tblawor1c)agoodliistaooa 
of  mich  ft  poEsage  at  tbe  Cape  of  Good  Hope. 

■  See  KUDO  ezcelleiit  remarkB  on  this  anhject,  in  D'AnbnUsoD'a 
'TraiU  de  G£og.'  torn.  1.  p.  297.  Alio,  some  remuka  bj  Hr.  Dona 
Ib  Silliman't '  Americsii  Joam.'  toL  ^t.  p.  10B> 
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sometimes  prodnced  by  tlie  metamorphosis  of  homo- 
geneous fissile  rocks ;  seeing  that  foliation  and  cleavage 
are  so  closely  analogous  in  the  several  above-enumerated 
respects;  seeing  that  some  fissile  and  almost  h(»no« 
geneouB  rocks  show  incipient  mineralogical  changes 
along  the  planes  of  their  cleavage,  and  that  other  rocks 
with  a  fissile  structure  alternate  with,  and  pass  into 
varieties  with  a  foliated  structure,  I  cannot  doubt  that 
in  most  cases  foliation  and  cleavage  are  parts  of  the 
same  process :  in  cleavage  there  being  only  an  incipient 
separation  of  the  constituent  minerals ;  in  foliation  a 
much  more  complete  separation  and  crystallisation. 

The  fact,  often  referred  to  in  this  chapter,  of  the 
foliation  and  the  so-called  strata  in  the  metamorphic 
series — that  is,  the  alternating  masses  of  different 
varieties  of  gneiss,  mica-schist,  and  hornblende-slate, 
&c. — being  parallel  to  each  other,  at  first  appears  quite 
opposed  to  the  view  that  the  folia  have  no  relation  ta 
the  planes  of  original  deposition.  Where  the  so-called 
beds  are  not  very  thick  and  of  widely  different  minera- 
logical composition  from  each  other,  I  do  not  think  that 
there  is  any  difficulty  in  supposing  that  they  have 
originated  in  an  analogous  manner  with  the  separate 
folia.  We  should  bear  in  mind  what  thick  strata, 
in  ordinary  sedimentary  masses,  have  obviously  been 
formed  by  a  concretionary  process.  In  a  pile  of  volcanic 
rocks  on  the  Island  of  Ascension,  there  ajre  strata,  dif- 
fering quite  as  much  in  appearance  as  the  ordinary 
varieties  of  the  metamorphic  schists,  which  undoubtedly 
have  been  produced,  not  by  successive  Sowings  of  lava, 
but  by  internal  molecular  changes.  Near  Monte  Video, 
where  the  stratification,  as  it  would  be  called,  of  the 
metamorphic  series  is,  in  most  parts,  particularly  well 
developed,  being  as  usual,  parallel  to  the  foliation,  we 
have  seen  that  a  mass  of  chloritic  schist,  netted  with 
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quartz-veins,  is  entangled  in  gneiss,  in  such  a  manner  as 
to  show  that  it  had  certainly  originated  in  some  pro- 
cess of  segregation  :  again,  in  another  spot,  the  gneiss 
tended  to  pass  into  homblendic  schist  by  alternatin  i 
with  layers  of  quartz  ;  but  these  layers  of  quartz  aln  ob^j 
certainly  had  never  been  separately  deposited,  for  they 
were  absolutely  continuous  with  the  numerous  intersect- 
ing veins  of  quartz.  I  have  never  had  an  opportunity  of 
tracing  for  any  distance,  along  the  line  both  of  strike 
and  of  dip,  the  so-called  beds  in  the  metamorphic 
schists,  but  I  strongly  suspect  that  they  would  not  be 
found  to  extend  with  the  same  character,  very  far  in  the 
line  either  of  their  dip  or  strike.  Hence  I  am  led  to 
believe,  that  most  of  the  so-called  beds  are  of  the  nature 
of  complex  folia,  and  have  not  been  separately  de- 
posited. Of  course,  this  view  cannot  be  extended  to 
ihvic  masses  included  in  the  metamorphic  series,  which 
are  of  totally  different  composition  from  the  adjoining 
schists,  and  which  are  far  extended,  as  is  sometimes  the 
case  with  quartz  and  marble ;  these  must  generally  be 
of  the  nature  of  true  strata.*  Such  strata,  however, 
will  almost  always  strike  in  the  same  direction  with  the 
folia,  owing  to  the  axes  of  elevation  being  in  most 
countries  parallel  to  the  strike  of  the  foliation;  but 
they  will  generally  dip  at  a  different  angle  from  that  of 
the  foliation ;  and  the  angle  of  the  foliation  in  itself 
almost  always  varies  much :  hence,  in  crossing  a  meta- 
morphosed schistose  distnct,  it  would  require  especial 
attention  to  discriminate  between  true  strata  of  depo- 
sition and  complex  foliated  masses.  .  The  mere  presence 
of  true  strata  in  the  midst  of  a  set  of  metamorphic 
schists,  is  no  argument  that  the  foliation  is  of  sedimen- 

■  Maccolloch  states  (*  ClassificatioD  of  Rocks,'  p.  364)  that  prim- 
uy  limestones  are  often  f onnd  in  irregular  masses  or  great  nodules, 
which  can  scarcely  be  said  to  possess  a  stratified  shape/ 
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farj  on$ri-n.  withotit  it  be  farther  shown  in  eadh  case, 
that,  rhe  folia  not  only  3trlke.  bat  dip  thrDo^hoixt  in 
parallel  plan^^  with  thc-se  of  the  true  srracincatL?n. 

Aft  in  some  cas«>9  it  app<^an  that  where  a  fissile  rock 
haa  been  erposed  to  partial  metamorphic  action — for 
instance,  from  the  irraption  of  granite — the  foliation 
hafl  ftnpervened  on  the  already  existing?  cleavage-planes  ; 
»->  pfrfaapa,  in  some  instances,  the  foliation  of  a  rock  may 
bare  bf;en  df^termined  by  the  original  planes  of  deposi- 
tion or  of  obliqne  carrent-laminae :  I  have,  however, 
myjtelf,  never  seen  sach  a  case,  and  I  most  maintain  that 
in  moHt  extf^nsive  metamorphic  areas^  the  foliation  is 
th^;  ftxtrfme  result  of  that  process,  of  which  cleavage 
is  fhft  firHt  effect.  That  foliation  may  arise  without  any 
previons  strnctural  arrangement  in  the  mass,  we  may 
inffrr  from  injected,  and  therefore  once  liquefied,  rocks, 
iMh  of  volcanic  and  plutonic  origin,  sometimes  having 
a  *  ^ain '  (hh  expressed  by  Professor  Sedgwick),  and 
wiTnetimes  being  composed  of  distinct  folia  or  laminae  of 
difrf-rent  compositions.  In  the  earlier  chapters  of  the 
pnr«entwork,  I  have  given  several  instances  of  this  struc- 
ture in  volcanic  rocks,  and  it  is  not  uncommonly  seen  in 
plutonic  masses — thus,  in  the  Cordillera  of  Chile,  there 
are  gi^^antic  mountain-like  masses  of  red  granite,  which 
have  bf»on  inj(»cte-d  whilst  liquefied,  and  which  neverthe- 
hms,  display  in  parts  a  decidedly  laminar  structure.* 

Finally,  wo  havo  seen  that  the  planes  of  cleavage 
and  of  foliation — that  is,  of  the  incipient  process  and  of 
the  final  result — generally  strike  parallel  to  the  principal 

*  Ah  n*miirkod  in  a  fonner  part  of  this  chapter,  I  suspect  that 
ihn  boldly  (^onical  mountains  of  gneiss-granite,  near  Rio  de  Janeiro, 
in  whi(Oi  Iho  constituent  niineruls  are  arranged  in  parallel  planes, 
lire  of  Intrusive  origin.  Wo  most  not,  however,  foi^et  the  lesson  of 
oautiiin  taught  hy  tVe  curious  clay-stone  porphyries  of  Port  Desire, 
In  i^hirl)  wo  hnvo  seen  that  the  breaking  up  and  aggregation  of  a 
thinly  utrntiflptl  tnfaoeous  mass,  has  yielded  a  rock  semi-porphyritic 
irlth  ory stali  of  feldipar,  arranged  in  the  planes  of  original  deposition 
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axes  of  elevation,  and  to  the  oatline  of  tJie  land :  the 
Btrike  of  the  axea  of  elevation  (that  is,  of  the  lines  of 
fissures  with  the  strata  on  their  edges  uptnmeil),  ac- 
cording to  the  reasoning  of  Mr.  Hopkins,  ia  determined 
ty  the  form  of  the  area  undergoing  changes  of  level, 
and  the  consequent  direction  of  the  lines  of  tension  and 
fiasare.  N'ow,  in  that  remarkable  pile  of  volcanic  rocks 
at  Ascension,  which  has  several  times  been  alluded  to 
(and  in  some  other  cases),  I  have  endeavoured  to  show,' 
that  the  lamination  of  the  several  varieties,  and  their 
alternations,  have  been  caused  by  the  moving  mass,  jnst 
before  its  final  consolidation,  having  been  subjected  (as 
in  a  glacier)  to  planes  of  different  tension,  this  differ- 
ence in  the  tension  affecting  the  crystalline  and  concre- 
tionary processes.  One  of  the  varieties  of  rock  thos 
produced  at  Ascension,  at  first  sight,  singularly  resembles 
B  fine-gained  gneiss ;  it  consists  of  quite  straight  and 
parallel  aones  of  excessive  tenuiDy,  of  more  and  less 
coloured  crystallised  feldspar,  of  distinct  crystals  of 
quartz,  diopside,  and  oxide  of  iron.  These  considera- 
tions, notwithstanding  the  experiments  made  by  Mr. 
Fox,  showing  the  influence  of  electrical  currents  in  pro- 
ducing a  structure  like  that  of  cleavage,  and  notwith- 
standing the  apparently  inexplicable  variation,  both  in 
the  inclination  of  the  cleavage-laminffi  and  in  their  dip- 
ping first  to  one  side  and  then  to  the  other  side  of  the  line 
of  strike,  lead  me  to  suspect  that  the  planes  of  cleavage 
and  foliation  are  intimately  connected  with  the  planes 
of  different  tension,  to  which  the  area  was  long  sub- 
jected, aflar  the  main  fissures  or  axes  of  upheavement 
had  been  formed,  but  before  the  final  consolidation  of 
the  mass  and  the  total  cessation  of  all  molecular  move- 
ment. 

<  BcB  Chapter  III.  of  the  pesent  work 
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CHAPTER  XIV, 

CRTTRAL  CHILE;  STRUCTURE  OF  THE  CORDILLERA. 

CcntraX  CUU—Baml  formatiamM  ef  the  CmrdxUen^^Ori^n  tf  tki 
poryhjfritte  elay-ttcne  eon^lomerate — Andente — Veleintie  roeit — 
Seetum  iff  ike  OfrdiUrra  by  the  Peufuenet  or  PortUlo  Pau^  Great 
gypietnu  formatien — Peuqvenes  line;  tkiehaett  of  etratay  fossils  of 

—  Pnrtiilo  linr^  eonffhrnerate,  orthitie  granite,  miea-sekiet,  and 
roleanic  rocks  af^Ccf* eluding  remarks  on  the  dentuUttian  andtlero' 
tion  of  the  Portillo  line — Section  by  the  Cumbre  or  Uspallata  Pass 

—  Porphyries — Gypseous  strata — Section  near  Puente  del  Inca  ; 
fossils  of^Great  subsidence — Intrusire  porphyries — Plain  of  Us- 
pallata — Secti-on  of  the  UspaUata  chain — Structure  and  nature  of 
the  strata — Silieified  vertical  trees — Great  subsidence-  Granitic 
rocks  of  axis — Concluding  remarks  on  the  UspaUata  range  ;  origin 
subsequent  to  that  of  the  main  Cordillera  ;  two  periods  of  subikd' 
ence  ;  comparison  mUh  the  Portillo  chain. 

The  district  between  the  Cordillera  and  the  Pacific,  on 
a  rnde  average,  is  from  about  eighty  to  one  hundred 
miles  in  width.  It  is  crossed  by  many  chains  of  moun- 
tains, of  which  the  principal  ones,  in  the  latitude  of 
Valparaiso  and  southward  of  it,  range  nearly  north  and 
south ;  but  in  the  more  northern  parts  of  the  province, 
they  run  in  almost  every  possible  direction.  Near  the 
Pacific,  the  mountain-ranges  are  generally  formed  of 
syenite  or  granite,  or  of  an  allied  euritic  porphyry ;  in 
the  low  country,  besides  these  granitic  rocks  and  green- 
stone, and  much  gneiss,  there  are,  especially  northward 
of  Valparaiso,  some  considerable  districts  of  true  clay- 
slate  with  quartz  veins,  passing  into  a  feldspathic  and 
porphyritic  slate;   there  is  also  some  grauwacke  and 
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qaartzose  and  jaspery  rocks,  the  latter  occa^onally 
assumirig  the  character  of  the  basis  of  clay-stone  por- 
phyry :  trap-dikes  are  numerous.  Nearer  the  Cordillera 
the  ranges  (such  as  those  of  S.  Fernando,  the  Prado,' 
and  Aconcagua)  are  formed  partly  of  gratutio  rocks, 
and  partiy  of  purple  porphyritio  conglomerates,  clay- 
stone  porphyry,  greenstone  porphyry,  and 'other  rocks, 
such  as  we  shall  immediately  see  form  the  bnsal  strata 
of  the  main  Cordillera.  In  tiie  more  Dorthern  parts  of 
Chile,  this  porphyritic  series  extends  over  large  tracts 
of  country  far  &om  the  Cordillera ;  and  even  in  Central 
Chile  such  occasionally  occur  in  outlying  positions. 

I  will  describe  the  Campana  of  Quillota,  which 
stands  only  fifteen  miles  from  the  Facifio,  as  an  instance 
of  one  of  these  outlying  masses.  This  hill  is  conspicuous 
from  rising  to  the  height  of  6,400  feet :  its  summit 
shows  a  nucleus,  uncovered  for  a  height  of  800  feet,  of 
fine  greenstone,  including  epidote  and  octahedral  mag- 
netic iron  ore;  its  fiaoks  are  formed  of  great  strata 
of  porphyritic  clay-atone  conglomerate,  associated  with 
various  true  porphyries  and  amygdaloids,  alternating 
with  thick  masses  of  a  highly  feldspathic,  sometimes 
porphyritic,  pale-coloured  slaty  rock,  with  its  cleavage 
laminee  dipping  inwards  at  a  high  angle.  At  the  base 
of  the  hill  there  are  syenites,  a  granular  mixture  of 
quarts  and  feldspar,  and  harsh  quartzose  rocks,  all  be- 
longing to  the  basal  metamorphio  series.  I  may  ob- 
serve that  at  the  foot  of  several  bills  of  this  class,  where 
the  porphyries  are  first  eeeu  (as  near  S.  Fernando,  the 
Prado,  XiOS  Yacas,  &&),  similar  harsh  quartzose  rocks 
and  granular  mixtures  of  quartz  saA.  feldspar  occur,  as 
if  the  more  fusible  constituent  parts  of  the  granitio 
series  had  been  drawn  off  to  form  the  overlying  por* 
phyries. 

1  Uef«D, '  Reiie  um  Erd«,'  Tb.  1, 8.  SSS. 
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In  Centnl  CfaSe,  tbe  fi&nki  erf"  the  m&hi  Cordillen, 
into  which  1  penetrated  by  ^nr  different  TklleTs.  gene- 
nllv  consist  of  dixticctl;  Etndfcd  rocks.  The  strata 
are  inclined  at  angles  rarying  frrm  scmetlmes  eren 
nnder  ten,  to  twenty  degrees,  very  rarely  exceeding 
forty  degree§:  in  Eome,  however,  of  the  qnite  small, 
exterior,  spnr-like  ridges,  the  inclination  was  not  onfr^ 
qaently  greater.  The  dip  of  the  strata  in  the  main 
outer  lines  was  nsnally  oatwards  or  from  the  Cordillera, 
bat  in  Korthem  Chile  frequently  inwards. — that  is, 
their  ba&sel-edges  fronted  the  Pacific.  Dikes  occor  in 
extraordinary  nombers.  In  the  great,  central,  loftiest 
rid^f^s,  the  Btrata,  as  we  shall  presently  see,  are  almost 
alwava  highly  iacliaed  aod  oflen  vertical.  Before  giving 
a  d'.'tailed  acconnt  of  my  two  sections  across  the  Cor- 
dillera, it  will,  I  think,  be  convenient  to  describe  the 
ba.<!al  strata  as  seen,  often  to  a  thickoess  of  4,000  or 
5,000  feet,  on  the  Banks  of  the  outer  lines. 

Basal  Sirafa  of  the  Cordillera.  —  The  prevailing 
rock  is  a  purplish  or  greenish,  porphyritic  clay-stone 
conglomerate.  The  embedded  fragments  vary  in  size 
from  mere  particles  to  blocks  as  mach  as  six  or  eight 
inches  (rarely  more)  in  diameter ;  in  many  places,  where 
the  fragments  were  minnte,  the  signs  of  aqDeona  depo- 
sition were  nnequivocally  distinct;  where  they  were 
large,  sach  evidence  could  rarely  be  detected.  The 
ba.sis  is  gf^nerally  porphyritic  with  perfect  crystals  of 
feldspar,  and  resembles  that  of  a  trae  injected  clay- 
stone  porphyry :  often,  however,  it  has  a  mechanical 
or  sedimentary  aspect,  and  sometimes  (as  at  Jajuel)  ia 
jaspitry.  The  included  fragments  are  either  angular, 
or  partially   or  quite   rounded;'   in   some  parts  the 

I  Homn  of  the  rounded  fmgmenta  in  the  iwrplijritic  conglomerata 
noftr  tLe  llullii  of  Cauquenea,  were  inarked  with  radii  and  conceatrio 
tone*  of  difTerent  BbadeB  of  ooloni  t  buj  one  who  did  not  know  that 
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ronnded,  id  others  the  angular,  fragments  prevtui,  and 
osually  both  kinds  are  mixed  together ;  hence  the  word 
hrecda  ought  strictly  to  be  appended  to  the  term  por- 
^yriiic  eoriglomerate.  The  fragments  consist  of  many 
Tarieties  of  clay-stone  porphyry,  usually  of  nearly 
the  same  coloar  with  the  surrounding  basis,  namely^ 
pnrplish-reddish,  brownish,  mottled  or  bright  green; 
occasionally  fragments  of  a  laminated,  pale-coloured, 
feldspathic  rock,  like  altered  clay-slate,  are  included ; 
as  are  sometimes  grains  of  quartz ;  but  only  in  one  in- 
stance in  Central  Chile  (namely,  at  the  mines  of  Jajuel) 
a  few  pebbles  of  quartz.  I  nowhere  observed  mica  ia 
this  formation,  and  rarely  hornblende;  where  the  latter 
mineral  did  occur,  I  was  generally  in  doubt  whether 
the  mass  really  belonged  to  this  formation,  or  was  of 
intrusive  origin.  Calcareous  spar  occasionally  occurs 
in  small  cavities ;  and  nests  and  layers  of  epidote  are 
common.  In  some  few  places  in  the  finer-grained 
varieties  (for  instance,  at  Quillota),  there  were  short, 
interrupted  layers  of  earthy  feldspar,  which  could  be 
traced,  exactly  as  at  Port  Desire,  passing  into  large 
crystals  of  feldspar :  I  doubt,  however,  whether  in  this 
instance  the  layers  had  ever  been  separately  deposited 
as  tufaceons  sediment. 

All  the  varieties  of  porphyritic  conglomerates  and 
breccias  pass  into  each  other,  and  by  innumerable 
gradations  into  porphyries  no  longer  retaining  the  least 
trace  of  mechanical  origin :  the  transition  appears  to 
have  been  eSucted  much  more  easily  in  the  finer-grained, 
than  in  the  coarser-grained  varieties.  In  one  instance, 
near  Cauquenes,  I  noticed  that  a  porpbyritio  conglo- 

pobbles — tor  instance,  flint  pebbles  from  the  chalk — are  eometimee 
loaed  concentrically  wiih  their  worn  and  roanded  Eorfaces,  mi^cht 
have  beeo  led  to  infer  that  these  balls  of  porphjtj  were  not  tnitt 
pd>blei,  bat  had  originated  in  concretionaiy  action. 
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merate  aasamed  a  spheroidal  stratrture.  and  tended  to 
become  col amnar.  Besides  the  porphyritic  conglomerates 
and  the  perfectly  characterised  pirphyriea  of  meta- 
morphic  origin,  there  are  other  porphyries  which, 
thongh  ditfering  not  at  all  or  only  alightly^  in  compnei- 
tioQ,  certainly  have  had  a  diSerent  origin  :  these  consist 
of  pink  or  porple  claj-stone  porphyries,  Bometiinea 
inclndtng  grains  of  qnartz, — of  greenstone  porphyry, 
and  of  other  doakj  rocks,  all  generally  porphyritic  with 
fine,  large,  tabular,  opaqne  crystals,  often  placed  crosa< 
wise,  of  feldspar  cleaving  like  albite  (judging  &om 
several  measurements),  and  of^en  amys^laloidal  with 
silex,  agate,  carbonate  of  lime,  green  and  brown  bole.' 
These  several  porphyritic    and    amygdaloidal   varieties 

'  This  bote  ia  a  T«rj  common  minenl  id  the  amr^r^oidal  rocks; 
itU^^nerally  of  a  greeni^ih-btuwii  colour,  irilh  araiiiatiogstniclDre; 
enemally  it  U  black  vith  an  almost  mt^'jUlic  loatrc,  bat  oft«D 
anted  by  a  bright  gieea  tilm.  It  is  soft  aad  can  be  scrati-hed  bv  a 
qnill ;  tinder  tlie  blowpipe  awelti  preibllj  a&d  become:!  acalj.  tbea 
fosea  easily  into  a  black  magnetic  bead.  Thi?  sabstance  isevidemly 
■imilar  to  that  which  often  occdis  in  mibmarine  volcanic  rocka. 
An  examination  of  some  very  cnriooi  specimeoj  of  ■  tine  porphji? 
(from  Jujuol)  leaiia  me  to  eospecC  that  some  of  the^ie  amygdaloidal 
balls,  instead  of  haring  been  deposited  in  pre-eiisliTi|j  aii.vesieles, 
are  of  concretiooarr  origin  ;  for  in  theae  Hpecimcna,  some  of  the 
pea-ahaped  little  massca  (often  externally  marked  with  minule  pits) 
are  formed  of  a  miitore  of  ^reen  earth  with  biooj  matter,  like  the 
bHHis  of  the  porphyry,  inclnding  minnte  imperfect  ciystala  offeldspar ; 
and  these  pea-shaped  little  masses  are  tbemsel%'es amygdaloidal  with 
minnte  spheres  of  the  green  earth,  each  enveloped  by  a  film  of  while, 
apparently  Feldspathic.  earthy  matler:  so  that  the  porphyry  is  donbly 
amypialoidal.  It  should  not,  however,  be  orerlooked,  that  all  the 
strata  here  have  nndei^ne  metamorphic  action,  which  may  have 
naa^i^l  rrystals  of  feldspar  to  appear,  and  other  changes  to  b« 
elTectcd.  io  the  originally  simple  amygdaloidal  balls.  Mr.  J.  D. 
Dana,  in  an  excellent  paper  on  Trap  rocks  ('  Edio.  New  Phil.  Jonrn.' 
vol.  xli.  p.  19U>,  has  art^ieil,  with  great  force,  that  all  amygdaloitlal 
minerals  have  been  dciiositod  by  aqueous  infiltration.  I  may  taka 
this  o[>portiinily  of  alluding  to  a  curious  case,  described  in  Chapter 
1 1,  if  the  prewnt  work,  of  an  amygdaloidal  rock,  with  many  of  the 
celts  only  half  lilted  up  with  a  meaotypic  mineral. 

M.  itoac  has  drrsvribed  an  amygrtaloid.  brought  by  Dr.  HeyeD 
('ll-^isuiimEnle.'Th.  1,  B.  31S)  from  ChMe,  as  consisting  of  ciystaU. 
inei)  qiinrts,  with  orystali  of  itilbiU  within,  and  lin«d  eitemallj  t^ 
green  aaitli. 
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never  show  any  aigns  of  passing  into  masses  of  sedi- 
mentary origin ;  they  occor  both  in  great  and  small 
intrasive  masses,  and  likewise  in  strata  alternating  with 
tliose  of  the  porphyritic  conglomerate,  and  with  the 
planes  of  junction  often  qait«  distinct,  yet  not  seldom 
blended  together.  In  some  of  these  intrasive  masses, 
the  porphyries  exhibit,  more  or  less  plainly,  a  brecciated 
Btractore,  like  that  often  seen  in  volcanic  masses.  These 
brecciated  porphyries  could  generally  be  distingaished 
at  once  from  the  metamorphosed,  porphyritic  breccia- 
conglomerates,  by  all  the  fragments  being  angular  and 
being  formed  of  the  same  variety,  and  by  the  absence 
of  every  trace  of  aqueous  deposition.  One  of  the  por- 
phyries above  specified,  namely,  the  greenstone  porphyry 
with  large  tabular  crystals  of  albite,  is  particularly 
abundant,  and  in  some  parts  of  the  Cordillera  (as  near 
St.  Jago)  seemed  more  common  even  than  the  purplish 
porphyritic  conglomerate.  Kumerous  dikes  likewise 
consist'  of  this  greenstone  porphyry ;  others  are  formed 
of  various  fine-grained  trappean  rocks ;  but  very  few 
of  clay  stone  porphyry  :  I  saw  no  true'  basaltic  dikes. 

In  several  places  in  the  lower  part  of  the  series,  but 
Dot  everywhere,  thick  masses  of  a  highly  fcldspathic, 
often  porphyritic,  slaty  rock  occur  isterstratified  witb 
the  porphyritic  conglomerate :  I  believe  in  one  or  two 
cases  blackish  limestone  has  been  found  in  a  similar 
position.  The  feldspathic  rock  is  of  a  pale  grey  or 
greenish  colour ;  it  is  easily  fusible ;  where  porphyritic, 
the  crystals  of  feldspar  are  generally  small  and  vitreons ; 
it  is  distinctly  laminated,  and  sometimes  includes 
parallel  layers  of  epidote ; '  the  lamination  appears  to 

'  This  mlneial  is  extremely  common  in  all  the  formBtioiu  of  Chile ; 
In  the  gneiss  near  Talparaiso  and  in  the  granitic  veins  crossing  it,  in 
the  injected ,gTeenstoDB  crowning  the  O.of  QoillDta,  in  somegramtia 
poiphjriee,  in  ttie  poiphyiitio  cooglomente,  and  in  the  feli^pathla 
olay-alktai. 
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be  distinct  from  strntification.  Occa^ioDi^Iy  this  rock 
ia  somen  hat  carious:  and  at  one  spijt,  namt-ly.  at  tha 
C.  of  Quillota,  it  had  a  brecoiated  suuctnre.  Xear  ths 
mines  of  Jajnel,  in  a  thick  stratum  of  this  feldspatliic, 
porphyritic  slate,  there  wua  a  layer  of  hard,  bUckish, 
niliceouH,  infusible,  compact  clay-fiate,  such  as  I  eaw 
nowhere  else :  at  the  same  place  I  was  able  to  follovr 
for  a  considerable  distance  the  j  unction  between  the  slata 
and  the  conformably  underlying  porpljyritic  conglo- 
merate, and  they  certainly  passed  gradually  into  each 
other.  Wherever  these  slaty  feldapathic  rocks  abound, 
greenstone  seems  oommon;  at  the  C  of  Quillota  a  bed 
of  nell-cryptatlised  greenstone  lay  conforcuably  in  the 
midst  of  the  feldspatliic  slate,  with  the  upper  and  lower 
juuclions  p:tssiiig  insensibly  into  it.  From  this  fact, 
and  from  the  frequently  porphyritic  condition  of  tho 
Bliite,  I  should  perhaps  have  considered  this  rock  as  aa 
erupted  one  (like  certain  laminiited  feldspithic  lavas 
in  the  tracjiytie  series),  had  I  not  seen  in  T.  del  Fuego 
bow  readily  true  clay-slate  becomes  feldspatliic  and 
porphyritic,  and  had  I  not  seen  at  Jajuel  the  included 
layer  of  black,  siliceouB  clay-sliite,  which  no  one  could 
have  thought  of  igneous  origin.  The  gentle  pat-sage 
of  the  feldspathic  slate,  at  Jajuel,  iuto  the  porphyritio 
conglomerate,  which  is  certainly  of  aqueous  origin, 
should  also  be  taken  into  account. 

The  alternating  strata  of  porphyries  and  porphyritic 
conglomerate,  and  with  the  occasionally  included  beds 
of  feldsp;iihic  slate,  together  make  a  grand  formation  ; 
in  several  places  within  the  Cordillera  I  estimated  its 
thickiirss  at  from  6,000  to  7,000  feet.  It  exUmds  for 
many  hundred  miles,  forming  the  western  fl:ink  of  tha 
Chilian  Cordillera ;  and  even  at  Iquique  in  Peru,  850 
miles  north  of  the  Bouthernmosb  point  examined  by  me 
in  Chile,  the  coast-escarpment,  which  rises  to  a  height 
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of  between  2,000  and  3,000  feet,  ia  thus  composed.  In 
several  pai-ta  of  Northern  Chile  this  formation  extenda 
ranch  farther  towards  the  Pacific,  over  the  granitic  and 
metamorphic  lower  rocka,  than  it  does  in  Central  Chile; 
but  the  main  Cordillera  may  be  considered  as  its  cen- 
tral line,  and  its  breadth  in  an  east  and  west  direction 
is  never  great.  At  first  the  origin  of  this  thick,  mass- 
ive, loDg  but  narrow  formation,  appeared  to  me  very 
anomalous:  whence  were  derived,  and  how  were  dis- 
persed the  innumerable  fragments,  often  of  large  size, 
sometimes  angular  and  sometimeB  rounded,  and  almost 
invariably  composed  of  porphyritic  rocks  ?  Seeing  that 
the  interstratified  porphyries  are  never  vesicolar  and 
often  not  even  amygdaloidal,  we  mnst  conclude  that  the 
pile  was  formed  in  deep  water ;  how  then  came  so  many 
iragments  to  be  well  rocnded  and  so  many  to  remain 
angnlar,  sometimes  the  two  kinds  being  ef^aally  mingled, 
sometimes  one  and  sometimes  the  other  preponder- 
ating? That  the  clay-stone,  greenstone,  and  other 
porphyries  and  amygdaloids,  which  lie  eonformahly  be- 
tween the  beds  of  conglomerate,  are  ancient  snbmariue 
lavas,  I  think  there  can  be  no  doubt ;  and  I  believe  we 
must  look  to  the  craters  whence  these  streams  were 
erupted,  as  the  source  of  the  breccia-conglomerate : 
afW  a  great  explosion,  we  may  fairiy  imagiue  that 
the  water  in  the  heated  and  scarcely  quiescent  crater 
wonld  remain  for  a  considerable  time '  sufficiently 
agitated  to  triturate  and  ronnd  the  loose  fragments 
lying  within  it :  these  ronndod  fragments,  few  or  many 
in  number,  would  be  shot  forth  at  the  nest  eruption, 
associated  with  a  few  or  many  angular  fragments,  ac- 
cording to  the  strength  of  the  explosion.    The  porphyr- 

<  This  oertsioly  seems  to  have  taken  place  In  some  recent  Tolcantii 
■roblpelagM,  m  at  the  OalapagoB,  nhere  nnmeiom  craten  an  exclD» 
Ively  formed  of  toff  and  fragments  of  lava. 
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itic  conglomerate  being  purple  or  reddish,  even  when 
alternating  with  dusky-coloured  or  bright  green  pOT- 
phyries  and  amygdftloids,  is  probably  an  analogous 
circumstaace  to  the  scorisB  of  the  blackish  basalts  be- 
ing oft«n  bright  red.  The  ancient  Bubmarioe  orificea 
whence  the  porphyries  and  their  fragments  were  ejected 
having  been  arranged  in  a  band,  like  most  still  active 
Tolcauos,  acctiunta  for  the  thickaesB,  the  narrowness,  and 
linear  extension  of  this  formation. 

This  whole  great  pile  of  rock  has  snSered  mnoli 
metamorphic  action,  as  is  very  obvions  in  the  gradual 
formation  and  appearance  of  the  crystals  of  albitio 
feldspar  and  of  epidote — in  the  blending  together 
of  the  fragments — in  the  appearance  of  a  lami- 
nated structure  in  the  feldspathic  slate — and,  lastly, 
in  the  disappearance  of  the  planes  of  Btratification, 
which  could  somettmes  be  seen  on  the  same  mountain 
quite  distinct  in  the  upper  part,  less  and  less  plain  on 
the  flanks,  and  quite  obliterated  at  the  base.  Partly 
owing  to  this  metamorphic  action,  and  partly  to  the 
close  relationship  in  origin,  I  have  seen  fragments  of 
poq)hyries — taken  from  a  metamorphosed  conglomerate 
— from  a  neighbouring  stream  of  lava — from  the  nucleus 
or  centre  (aa  it  appeared  to  me)  of  the  whole  submarine 
volcano — and  lastly  from  an  intrusive  mass  of  quite 
subsequent  origin,  all  of  which  were  absolutely  undis- 
tinguishable  in  external  characters. 

One  other  rock,  of  plntonic  origin,  and  highly  im- 
portant in  the  history  of  tlie  Cordillera,  from  having 
been  injected  in  most  of  the  great  axes  of  elevation,  and 
from  having  apparently  been  instrumental  in  meta- 
morphosing the  superincumbent  strata,  may  be  con- 
veniently described  in  this  preliminary  discussion.  It 
has  been  called  by  some  authors  AndetiU :  it  mainly 
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consists  of  well -crystal  liseii  white  albtte '  (as  determined 
with  the  goniometer  in  numeroas  specimens  both  b; 
Professor  Miller  and  myself),  of  less  perfectly  crystall- 
ised green  hornblende,  oflen  associated  with  much 
mica,  with  chlorite  and  epidote,  and  occasionally  with 
s  few  grains  of  quartz :  in  one  instance  in  Northern 
Chile,  I  found  crystals  of  orthitic  or  potash  feldspar, 
mingled  with  those  of  albite.  Where  the  mica  and 
qnartz  are  abundant,  the  rock  cannot  be  distinguished 
Irom  granite;  and  it  may  be  called  andesitic  granite. 
Where  these  two  minerals  are  qaite  absent,  and  when, 
as  often  then  happens,  the  crystals  of  albite  are  imper- 
fect and  blend  together,  the  rock  may  be  called  andes- 
itic porphyry,  which  bears  nearly  the  same  relation  to 
andesitic  granite  that  enritic  porphyry  does  to  common 
granite.  These  andesitic  rocks  form  mountain  masses 
of  a  whit«  colour,  which,  in  their  general  outline  and 
appearance — in  their  joints — in  their  occasionally  in- 
cluding dark -coloured,  angular  fragments,  apparently  of 
some  pre-existing  rock — and  in  the  great  dikes  branch- 
ing from  them  into  the  superincumbent  strata,  manifest 
ft  close  and  striking  resemblance  to  masses  of  common 
granite  and  syenite :  I  never,  however,  saw  in  these 
andesitic  rocks,  those  granitic  veins  of  segregation 
which  are  so  common  in  true  granites.  We  have  seen 
that  andesite  occurs  in  three  places  in  Tierradel  Fuego; 
in  Chile,  from  St.  Fernando  to  Copiapo,  a  distance  of 

■  I  here,  and  etBenhere,  can  by  this  came.tbosefeldepathlc  mine- 
rals which  cleave  tike  nlbite  ;  but  it  Dow  appears  ('  Rdin,  New  Phil. 
Jonm.'  vol.  iiiv.  p.  IHl)  that  Abich  baa  ajialjf  ed  a  mineral  from  the 
Cordillera,  asBociated  with  hornblende  and  qnarti  (prxjbably  the  same 
tock  with  that  here  under  discnsaioo).  which  cleaves  Lke  atbite,  but 
which  is  a  new  and  distinct  kind,  colled  bj  him  AndrMne.  It  it 
allied  to  leocite,  with  tbegreaterpropoRionof  its  potash  replaced  b; 
lime  and  soda.  Tbis  mineral  seema  soaroel;  distingnlthable  bom 
•Ibite,  except  b;  tuiatjsu,  ^ 


480     Plutonic  Rocks  of  the  CordzUcrtL     pais  tl 

4o0  miles.  I  Corind  it  under  most  of  the  axes  of  elevation ; 
in  a  (x>!Irrctioa  of  specimens  from  the  Cordillera  of  Lima 
in  Pern,  I  immediately  recognised  it ;  and  Erman  * 
states  that  it  occurs  in  eastern  Eamtschatka.  From 
its  wide  range,  and  from  the  important  part  it  has 
plaved  in  the  history  of  the  Cordillera,  I  think  this 
rock  has  well  deserved  its  diatinct  name  of  andesite. 

The  few  still  active  volcanos  in  Chile  are  confined 
to  the  central  and  loftiest  ranges  of  the  Cordillera ;  and 
volcanic  matter,  such  as  appears  to  have  been  of  sab- 
a^-rial  eruption,  is  everywhere  rare.  According  to 
Meyen,'  there  is  a  hill  of  pumice  high  np  the  valley 
of  the  Maypu,  and  likewise  a  trachytic  formation  at 
Colina,  a  village  situated  north  of  St.  Jago.  Close  to 
this  latter  city,  there  are  two  hills  formed  of  a  pale 
ffldspathic  porphyry,  remarkable  from  being  doubly 
columnar,  great  cylindrical  columns  being  subdivided 
info  smaller  four  or  five  sided  ones;  and  a  third  hillock 
(Cerro  Blanco)  is  formed  of  a  fragmentary  mass  of 
rock,  which  I  believe  to  be  of  volcanic  origin,  inter- 
mediate in  character  between  the  above  feldspathic 
porphyry  and  common  trachyte,  and  containing  needles 
of  hornblende  and  granular  oxide  of  iron.  Near  the 
Baths  of  Cauquenes,  between  two  short  parallel  lines  of 
elevation,  where  they  are  intersected  by  the  valley,  there 
is  a  small,  though  distinct  volcanic  district ;  the  rock 
is  a  dark  grey  (andesitic)  trachyte,  which  fuses  into  a 
greonish-grey  bead,  and  is  formed  of  long  crystals  of 
fractured  glassy  albite  (judging  from  one  measurement) 
mingled  with  well-formed  crystals,  often  twin,  of  augite. 
Tlifj  whole  mass  is  vesicular,  but  the  surface  is  darker 
coloured  and  much  more  vepicular  than  any  other  part. 
This  trachyte  forms  a  cliff-bounded,  horizontal,  narrow 

'    Gcograph.  Journal/  vol  ix.  p.  510. 

•    Reise  am  Brde/  Th.  1,  SS.  338  and  369. 
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Htrip  OD  the  Bteep  Bonthem  side  of  the  valley,  at  the 
height  of  400  or  500  feet  above  the  river-bed ;  jndging 
from  an  apparently  corresponding  line  of  cliff  on  the 
northern  side,  the  valley  must  once  have  been  filled  np 
to  this  height  by  a  field  of  lava.  On  the  summit  of  8 
lofty  monntain  some  leagnes  higher  np  this  same  valley 
of  the  Cachapual,  I  found  colnmnar  pitchstone  porjihy- 
ritic  with  feldspar;  I  do  not  suppose  this  rock  to  be 
of  volcanic  origin,  and  only  mention  it  here,  from  its 
being  intersected  by  masses  and  dikes  of  a  vMicular 
rock,  approaching  in  character  to  trachyte ;  in  no  other 
part  of  Chile  did  I  observe  vesicnlar  or  amygdaloidal 
dikes,  thoagh  these  are  so  common  in  ordinary  volcanio 
districts. 


Passage  of  tJie  Andet  by  Ihe  Portillo  or  PeitqueneB 
PasB. 
Although  I  crossed  the  Cordillera  only  once  by  this 
pass,  and  only  once  by  that  of  the  Gumbre  or  Uspallata 
(presently  to  be  described),  riding  slowly  and  halting 
occasionally  to  asrend  the  moDotains,  there  are  many 
circnmstances  favourable  to  obtaining  a  more  faithful 
sketch  of  their  structure  than  would  at  first  be  thought 
possible  from  so  short  an  examination.  The  mountains 
are  steep  and  absolutely  bare  of  vegetation ;  the  atmo- 
sphere is  reeplendently clear;  the  stratification  distinct; 
and  the  rocks  brightly  and  variously  coloured :  some  of 
the  natural  sections  might  be  truly  compared  for  dis- 
tinctness to  those  coloured  ones  in  geological  works. 
Considering  how  little  is  known  of  the  structure  of  this 
gigantic  range,  to  which  I  particularly  attended,  most 
travellers  having  collected  only  specimens  of  the  rocks, 
I  think  my  sketch-sections,  tJiough  necessarily  impei^ 
feet,  poesees  some  interest.   The  section  given  in  Plate  I 
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fig.  1,  which  I  will  now  describe  in  detail,  is  on  a 
horizontal  scale  of  a  third  of  an  inch  to  a  nautical  mile, 
and  on  a  vertical  scale  of  one  inch  to  a  mile  or  6,000 
feet.  The  width  of  the  range  (excluding  a  few  out- 
lying hillocks),  from  the  plain  on  which  St.  Jago  the 
capital  of  Chile  stands,  to  the  Pampas,  is  sixty  miles,  as 
far  as  I  can  judge  from  the  maps,  which  differ  from  each 
other  and  are  all  exceedingly  imperfect.  The  St.  Jago 
plain  at  the  mouth  of  the  Maypn,  I  estimate  from  ad- 
joining known  points  at  2,300  feet,  and  the  Pampas  at 
3,500  feet,  both  above  the  level  of  the  sea.  The  height 
of  the  Peuquenes  line,  according  to  Dr.  Gillies,^  is 
13,210  feet;  and  that  of  the  Portillo  line  (both  in  the 
gaps  where  the  road  crosses  them)  is  14,345  feet ;  the 
lowest  part  of  the  intermediate  valley  of  Tenuyan  is 
7,530  feet — all  above  the  level  of  the  sea. 

The  Cordillera  here,  and  indeed  I  believe  throughout 
Chile,  consist  of  several  parallel,  anticlinal  and  uniclinal 
mountain-lines,  ranging  north,  or  north  with  a  little 
westing,  and  south.  Some  exterior  and  much  lower 
ridges  often  vary  considerably  from  this  course,  pro- 
jecting like  oblique  spurs  from  the  main  ranges:  in 
the  district  towards  the  Pacific,  the  mountains,  as  be- 
fore remarked,  extend  in  various  directions,  even  east 
and  west.  In  the  main  exterior  lines,  the  strata,  as  also 
before  remarked,  are  seldom  inclined  at  a  high  angle ; 
but  in  the  central  lofty  ridges  they  are  almost  always 
highly  inclined,  broken  by  many  great  faults,  and  often 
vertical.  As  far  as  I  could  judge,  few  of  the  ranges  are 
of  great  length :  and  in  the  central  parts  of  the  Cor- 
dillera, I  was  frequently  able  to  follow  with  my  eye  a 
ridge  gradually  becoming  higher  and  higher,  as  the 
stratification  increased  in  inclination,  from  one  end 
where  its  height  was  trifling  and  its  strata  gently  inclined 

1  •  Joonial  of  Nat.  and  Geograph.  Science,*  Augost,  1S30. 
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to  the  other  end  where  vertical  strata  formed  enow-clad 
pinnacles.  Even  oateid<)  the  main  GordiUera,  near  the 
baths  of  Cauqueaes,  t  observed  one  soch  case,  where  a 
nortli  and  south  ridge  had  its  strata  in  the  valley  in- 
dined  at  37*^,  and  less  than  a  mile  south  of  it  at  67°: 
another  parallel  and  siniilarly  inclined  ridge  rose  at  the 
distance  of  about  five  miles,  into  a  \o%j  monntain  with 
absolutely  vertical  strata.  Within  the  Cordillera,  the 
height  of  the  ridges  and  the  inclination  of  the  strata 
often  became  doubled  and  trebled  in  much  shorter  dis- 
tances than  five  miles :  this  peculiar  form  of  upheaval 
probably  indicates  that  the  stratified  cmst  was  thin, 
and  hence  yielded  to  the  underlying  intrusive  maesea 
unequally,  at  certain  points  on  the  lines  of  fissure. 

The  valleys,  hj  which  the  Cordillera  are  drained, 
follow  the  anticlinal  or  rarely  synclinal  troughs,  which 
deviate  moat  from  the  usual  north  and  south  course ;  or 
still  more  commonly  those  lines  of  faults  or  of  unequal 
curvature  (that  is,  lines  with  the  strata  on  both  hands 
dipping  in  the  same  direction,  but  at  a  somewhat 
diSerent  angle)  which  deviate  most  from  a  northerly 
course.  Occasionally  the  torrents  run  for  some  distance 
in  the  north  and  south  valleys,  and  then  recover  their 
eastern  or  western  course  by  bursting  through  the  ranges 
at  those  points  where  the  strata  have  been  least  inclined 
and  the  height  consequently  is  less.  Hence  the  valleys, 
along  which  the  roads  run,  are  generally  zigzag;  and, 
in  drawing  an  east  and  west  section,  it  is  necessary  to 
contract  greatly  that  which  is  actually  seen  on  the  road. 

Commencing  at  the  western  end  of  the  coloured 
section  [Plate  I.]  where  the  R.  Maypu  debouches  on  the 
plain  of  St.  Jago,  we  immediately  enter  on  the  por- 
phyritio  conglomerate  formation,  and  in  the  midst  of 
it  find  some  hummocks  [A]  of  granite  and  syenite, 
which  probably  (for  I  n^lected  to  collect  specimens) 
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belong  to  the  andesitic  class.  These  are  succeeded  by 
some  rugged  hills  [B]  of  dark-green,  crystalline,  feld- 
spathic  and  in  some  parts  slaty  rooks,  which  I  be* 
lieve  belong  to  the  altered  clay-slate  formation.  Prom 
thivS  point,  great  mountains  of  purplish  and  greenish, 
generally  thinly  stratified,  highly  porphyritic  conglo- 
merates, including  many  strata  of  amygdaloidal  and 
greenstone  porphyries,  extend  up  the  valley  to  the 
junction  of  the  rivers  Yeso  and  Volcan.  As  the  valley 
here  runs  in  a  very  southerly  course,  the  width  of  the 
porphyritic  conglomerate  formation  is  quite  conjectural ; 
and  from  the  same  cause,  I  was  unable  to  make  out 
much  about  the  stratification.  In  most  of  the  exterior 
mountains  the  dip  was  gentle  and  directed  inwards; 
and  at  only  one  spot  I  observed  an  inclination  as  high 
as  50°.  Near  the  junction  of  the  R.  Colorado  with  the 
main  stream,  there  is  a  hill  of  whitish,  brecciated, 
partially  decomposed  feldspathic  porphyry,  having  a 
volcanic  aspect  but  not  being  really  of  that  nature :  at 
Tolla,  however,  in  this  valley.  Dr.  Meyen  *  met  with  a 
hill  of  pumice  contjiining  mica.  At  the  junction  of 
the  Teso  and  Volcan  [D]  there  is  an  extensive  mass,  in 
white  conical  hillocks,  of  andesite,  containing  some 
mica,  and  passing  either  into  andesitic  granite,  or  into 
a  spotted,  semi-granular  mixture  of  albitic  (?)  feldspar 
and  hornblende:  in  the  midst  of  this  formation  Dr. 
Meyen  found  true  trachyte.  The  andesite  is  covered 
by  strata  of  dark-coloured,  crystalline,  obscurely  por- 
phyritic rocks,  and  above  them  by  the  ordinary  por- 
phyritic conglomerates, — the  strata  all  dipping  away  at 
a  small  angle  fix)m  the  underlying  mass.  The  surround- 
ing lofty  mountains  appear  to  be  entirely  composed 
of  the  porphyritic  conglomerate,  and  1  estimated  ita 
thickness  here  at  between  6,000  and  7,000  feet. 

>  <  Beise  am  Erde,'  Th.  1.  SS.  33S,  3il. 
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Beyond  the  junction  of  the  Teso  and  Volcan,  the 
porphyrifcic  strata  appear  to  dip  toworda  the  hillocks  of 
andesite  at  an  angle  of  40" ;  bat  at  some  distant  points 
on  the  same  ridge  they  are  bent  ap  and  vertical. 
Following  the  valley  of  the  Teso,  trendiug  NE,  (and 
therefore  still  unfavourable  for  our  transveree  eection), 
the  same  porphyritic  conglomerate  formation  is  pro- 
longed to  near  the  Cuestadel  Indio,  situated  at  the 
western  end  of  the  basin  (like  a  drained  lake)  of  Teso. 
Some  way  before  arriving  at  this  point,  distant  lofty 
pinnacles  capped  by  coloured  strata  belonging  to  the 
great  gypseous  formation  could  firet  be  seen.  From 
the  summit  of  the  Cnesta,  looking  southward,  there  is 
a  magnificent  sectional  view  of  a  mountain-mass,  at 
least  2,000  feet  in  thickness  [E],  of  fine  andesitic 
granite  (containing  much  black  mica,  a  little  chlorite 
and  quartz),  which  sends  great  white  dikes  far  into  the 
superincumbent,  dark-coloured,  porphyritic  conglome- 
rates. At  the  line  of  jnnction  the  two  formations  are 
wonderfully  interlaced  together :  in  the  lower  part  of 
the  porphyritic  conglomerate,  the  stratification  has 
been  quite  obliterated,  whilst  in  the  upper  part  it  is 
very  distinct,  the  beds  composing  the  crests  of  the 
eurronnding  mountains  being  inclined  at  angles  of 
between  70°  and  80°,  and  some  being  even  vertical. 
On  the  northern  side  of  the  valley,  there  is  a  great 
corresponding  mass  of  andesitic  granite,  which  is 
encased  by  porphyritic  conglomerate,  dipping  both 
on  the  western  and  eastern  sides,  at  about  80°  to  west, 
but  on  the  eastern  side  with  the  tips  of  the  strata  bent 
in  such  a  manner,  as  to  render  it  probable  that  the 
whole  mass  bad  been  on  that  side  thrown  over  and 
inverted. 

In  the  volley-basin  of  the  Yeeo,  which  I  estimated 
at  7,000  feet  above  the  level  of  the  sea,  we  first  leacb 
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at  [P]  the  i^pseous  formation.  Its  tbicknesB  is  very 
great.  It  consiBts  in  moat  parts  of  snow-white,  hard, 
compact  gypsum,  which  brenks  with  a  saixiharine  frac- 
ture, having  tranBlncent  edges;  under  the  blowpipe 
gives  ont  mnch  vapour;  it  frequently  includes  nests 
and  ej^ceedingly  thin  layers  of  crystallised,  blackiph 
carbonate  of  lime.  Large,  irregularly  shaped  concre- 
tions (externally  still  exhibiting  linea  of  aqueous 
deposition)  of  blackish-gray,  bnt  sometimes  white, 
coarsely  and  bnlliantly  crystallised,  hard  anhydrite, 
abonnd  within  the  common  gypsnm.  Hillocks,  formed 
of  the  hardest  and  purest  varieties  of  the  white  gypsnin, 
stand  up  above  the  surrounding  parts,  end  have  their 
surfaces  cmcked  and  marked,  just  like  newly  baked 
bread.  There  is  much  pale  brown,  soft,  argillaceous 
gypsum ;  and  there  were  some  intercalated  green  beds 
which  I  had  not  time  to  reach.  I  saw  only  one  frag- 
ment of  selenite  or  traneparcDt  gvpaum,  and  that 
perhaps  may  have  come  from  some  subsequently  formed 
vein.  From  the  mineralogical  characters  here  given, 
it  is  probable  that  these  gypseous  beds  have  undergone 
some  metamorphic  action.  The  strata  are  much  hidden 
by  detritus,  but  they  appeared  in  most  parts  to  be 
highly  inclined ;  and  in  an  adjoining  lofty  pinnacle  they 
could  be  distinctly  seen  bending  up,  and  becoming 
vertical,  conformably  with  the  underlying  porphyritio 
conglomerate.  In  very  many  parts  of  the  great  moun- 
tain-face [F],  composed  of  thin  gypseous  beds,  there 
were  innumerable  masses,  irregularly  shaped  and  nob 
like  dikes,  yet  with  well-defined  edges,  of  an  imperfectly 
granular,  pale  greenish  or  yellowish -white  rock,  essen- 
tially composed  of  feldspar,  with  a  little  chlorite  or 
hornblende,  epidote,  iron-pjrites,  and  ferruginous  pow- 
der :  I  believe  that  these  curious  trappean  masses  have 
been  injected  from  the  not  far  distant  mountain-mass 
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[K]  of  andesite  whilst  etill  Said,  and  that  owing  to  the 
soUaeas  of  the  gjpseouB  strata  they  liare  aot  acqaired 
tJie  ordinary  forms  of  dikes.  Subsequently  to  Uie 
injection  of  these  feldspathic  rocks,  a  great  dislocatiou 
has  taken  place;  and  the  much  shattered  gypseous 
etrata  here  overlie  a  hillock  [Gt],  composed  of  vertical 
strata  of  impure  limestone  and  of  black  highly  calcare- 
ous shale  including  threads  of  gypsum :  these  rocks,  aa 
we  shall  presently  see,  belong  to  the  upper  parts  of  the 
gypseous  series,  and  hence  must  here  have  been  thrown 
dowa  by  a  vast  fault. 

Proceeding  up  the  valley-basin  of  the  Yeso,  and 
taking  our  section  sometimes  on  one  hand  and  some- 
times on  the  other,  we  come  to  a  great  hill  of  8trati6ed 
porphyritic  cooglomerate  [H]  dipping  at  45°  to  the 
west;  and  a  few  hundred  yards  farther  on,  we  have  a 
bed  between  800  or  400  feet  thick  of  gypsum  [1]  dip- 
ping eastward  at  a  very  high  angle :  here  then  we  have 
a  fault  and  anticlinal  axis.  On  the  opposite  side  of 
the  valley,  a  vertical  mass  of  red  conglomerate,  coa- 
formably  underlying  the  gypsum,  appears  gradually  to 
lose  its  stratiGcation  and  passes  into  a  mountain  of 
porphyry.  The  gypsum  [I]  is  covered  by  a  bed  [K], 
at  least  1,000  feet  in  thickness,  of  a  purplish-red, 
compact,  heavy,  fine-grained  sandstone  or  mudstone, 
which  fuses  easily  into  a  white  enamel,  and  is  seen 
under  a  lens  to  contain  triturated  crystals.  This  is 
succeeded  by  a  bed  [L],  1,000  feet  thick  (I  believe  I 
understate  the  thickness)  of  gypsum,  exactly  like  the 
beds  before  described ;  and  this  again  is  capped  by 
another  great  bed  [M]  of  purplish-red  Eandstone.  All 
these  strata  dip  eastward ;  but  the  inclination  becomes 
less  and  less,  as  we  leave  the  first  and  almost  vertical 
bed  p]  of  gypsum. 

Leaving  the  basin-plain  of  Yeso,  the  road  rapidly 
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ascends,  passiiig  bv  monntains  cofmposed  of  the  gypseons 
and  associated  beds,  with  their  stratification  greatly 
disturbed  and  therefore  not  easily  intelligible:  hence 
this  part  of  the  section  has  been  left  nncolonred. 
Shortly  before  reaching  the  great  Penqnenes  ridge,  the 
lowest  stratum  visible  [N]  is  a  red  sandstone  or  mnd- 
stone,  capped  by  a  vast  thickness  of  black,  compact, 
calcareous,  shaly  rock  [0],  which  has  been  thrown 
into  fonr  lofty,  though  small  ridges :  looking  northward, 
the  strata  in  these  ridges  are  seen  gradually  to  rise  in 
inclination,  becoming  in  some  distant  pinnacles  abso- 
lutely vertical. 

The  ridge  of  Peuquenes,  which  divides  the  waters 
flowing  into  the  Pacific  and  Atlantic  Oceans,  extends  in 
a  nearly  NNW.  and  SSE.  line;  its  strata  dip  e«istward 
at  an  angle  of  between  30°  and  45°,  but  in  the  higher 
peaks  bending  up  and  becoming  almost  vertical.  Where 
the  road  crosses  this  range,  the  height  is  13,210  feet 
above  the  sea-level,  and  I  estimated  the  neighbouring 
pinnacles  at  from  14,000  to  15,000  feet.  The  lowest 
stratum  visible  in  this  ridge  is  a  red  stratified  sandstone 
[P] ;  on  it  are  superimposed  two  great  masses  [Q  and 
S]  of  black,  hard,  compact,  even  having  a  conchoidal 
fracture,  calcareous,  more  or  less  laminated  shale,  pass- 
ing into  limestone :  this  rock  contains  organic  remains, 
presently  to  be  enumerated.  The  compacter  varieties 
fuse  easily  in  a  white  glass ;  and  this  I  may  add  is  a 
very  general  character  with  all  the  sedimentary  beds  in 
the  Cordillera:  although  this  rock  when  broken  is 
generally  quite  black,  it  everywhere  weathers  into  an 
ash-gray  tint.  Between  these  two  great  masses  [Q  and 
S],  a  bed  [R]  of  gj^psum  is  interposed,  about  300  feet 
in  thickness,  and  having  the  same  characters  as  hereto- 
fore described.  1  estimated  the  total  thickness  of  these 
three  beds  [Q,  B,  S]  at  nearly  3,000  feet ;  and  to  this 
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mast  be  added,  as  will  be  immediately  Been,  a  great 
OTerlying  masa  of  red  sandstone. 

In  descending  the  eastern  slope  of  this  great  central 
range,  the  strata,  whicli  in  the  upper  part  dip  eastward 
at  about  an  angle  of  40°,  become  more  and  more  curved, 
till  they  are  nearly  vertical ;  and  a  little  farther  onwards 
there  is  seen  on  the  farther  side  of  a  ravine,  a  thick 
mass  of  strata  of  bright  red  sandstone  [T],  with  their 
upper  extremities  slightly  curved,  showing  that  they 
were  once  conformably  prolonged  over  the  beds  [S] : 
OD  the  sonthem  and  opposite  side  of  the  road,  this  red 
sandstone  and  the  underlying  black  shaly  rocks  stand 
vertical,  and  in  actual  juxtaposition.  Continuing  to 
descend,  we  come  to  a  sj-nclinal  valley  filled  with 
rubbish,  beyond  which  we  have  the  red  sandstone  [T  •] 
corresponding  with  [T],  and  now  dipping,  as  is  seen 
both  north  and  south  of  the  road,  ab  45°  to  the  west ; 
and  tinder  it,  the  beds  [S ',  B  *,  Q  *,  and  I  believe  P  *] 
in  corresponding  order  and  of  similar  composition,  with 
those  on  the  western  flank  of  the  Peuquenes  range,  but 
dipping  westward.  Close  to  the  synclinal  valley  the 
dip  of  these  strata  is  45°,  but  at  the  eastern  or  farther 
end  of  the  aeries  it  increases  to  60°.  Here  the  great 
gypseous  formation  abruptly  termioates,  and  is  suc- 
ceeded eastward  by  a  pile  of  more  modem  strata. 
Considering  how  violently  these  central  ranges  have 
been  dislocated,  and  how  very  numerous  dikes  are  in 
the  exterior  and  lower  parts  of  the  Cordillera,  it  is 
remarkable  that  I  did  not  here  notice  a  single  dike, 
llie  prevailing  rock  in  this  neighbourhood  is  the  black, 
calcareous,  compact  shale,  whilst  in  the  valley-basin  of 
the  Yeso  the  purplish-red  sandstone  or  mndstone  pre- 
dominates,— ^both  being  associated  with  gypseous  strata 
vS  exactly  the  same  nature.  It  would  be  very  difficult 
to  ascertain  the  relative  superpositioa  of  these  several 
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masses,  for  we  shall  afterwards  see  in  the  Cumbre  Pass 
that  the  gypseoas  and  intercalated  beds  are  lens-shaped, 
and  that  they  thin  out,  even  where  very  thick,  and 
disappear  in  short  horizontal  distances:  it  is  quite 
possible  that  the  black  shales  and  red  sandstones  may 
be  contemporaneous,  but  it  is  more  probable  that  the 
former  compose  the  uppermost  parts  of  the  series. 

The  fossils  above  alluded  to  in  the  black  calcareous 
shales  are  few  in  number,  and  are  in  an  imperfect) 
condition ;  they  consist,  as  named  for  me  by  M.  d'Or- 
bigny,  of— 

1.  Ammonite,  indeterminable,  near  to  A,  reoticostatvs,  D'Orbig. 

*  Pal.  Franc.'  (Neocomian  formation). 

2.  Grypljffia,  near  to  G.  Couloni  (Neocomian  formations  of  France 

and  Ncufclidtel). 
8.  Natica,  indeterminable. 

4.  Cyprinarostrata,  D'Orbig.  *  Pal.  Franc*  (Neocomian  formation). 
6.  Rostellaria  angulosa(?)  D'Orbig.  *Pal.  de  I'Amfir.  Mer' 
6.  Terebratula  ? 

Some  of  the  fragments  of  Ammonites  were  as  thick 
as  a  man's  arm :  the  Gryphrea  is  much  the  most 
abundant  shell.  These  fossils  M.  d'Orbigny  considers 
as  belonging  to  the  Neocomian  stage  of  the  Cretaceous 
system.  Dr.  Meyen,*  who  ascended  the  valley  of  the 
Rio  Volcan,  a  branch  of  the  Yeso,  found  a  ne-arly 
similar,  but  apparently  more  calcareous  formation,  with 
much  gypsum,  and  no  doubt  the  equivalent  of  that 
here  described  :  the  beds  were  vertical,  and  were  pro- 
longed up  to  the  limits  of  perpetual  snow :  at  the  height 
of  9,000  feet  above  the  sea,  they  abounded  with  fossils, 
consisting,  according  to  Von  Buch,*  of — 

1.  Exog>'ra  (Gryphae^i)  Couloni,  absolutely  identical  with  specimens 

from  the  Jura  and  t^outh  of  France. 

2.  Trigonici  costata,   1    identical  with  those  found  in  the  upper 

3.  Pecten  striatus,      j  Jurassic  beds  at  Hildesheim. 

•  *  Reise  um  Erde,*  Th.  1.  8.  366. 

*  *  Descript.  Phys.  des  lies  Canaries,'  p.  471. 


Neocomian  Fossils. 


4.  Cocullsa,  correspondiog  in  form  to  C.  iengirottri*,  to  frcqaent 

in  the  npier  Jurassic  beds  of  WestphaU*. 

5.  Ammonites,  reiiembliiig  A.  bi^lem. 

Yon  Buch  conclades  that  this  formation  is  intermediate 
between  the  limestone  of  the  Jnra  and  the  cbatk,  and 
Chat  it  is  analogouB  with  the  appermost  Jurassic  beds 
forming  the  plains  of  Switzerland.  Hence  M.  d'Orbigny 
and  Yon  Bnch,  under  diOerent  terms,  compare  these 
fossils  to  those  from  the  same  late  stage  in  the  Secondary 
formationB  of  Europe. 

Some  of  the  fossils  which  I  collected  were  found  a 
good  way  down  the  western  slope  of  the  main  ridge, 
and  hence  must  originally  have  been  covered  up  by  a 
great  thickness  of  the  black  shaly  rock,  independently 
of  the  now  denuded,  thick,  overlying  mosses  of  red 
sandstone.  I  neg1ect«d  at  the  time  to  estimate  how 
many  hundred  or  rather  thousand  feet  thick  the 
superincumbent  strata  must  hare  been :  and  I  will 
not  now  attempt  to  do  so.  This,  however,  would  have 
been  a  highly  interesting  point,  as  indicative  of  a  great 
amount  of  subsidence,  of  which  we  shall  hereafter  find 
in  other  parts  of  the  Cordillera  analogous  evidence 
during  this  same  period.  The  altitude  of  the  Fen- 
quenes  range,  considering  its  not  great  antiquity,  is 
very  remarkable ;  many  of  the  fossils  were  embedded  at 
the  heighb  of  13,210  feet,  and  the  same  beds  are  pro- 
longed up  to  at  least  from  14,000  to  15,000  above  the 
level  of  the  sea. 

The  PoriUlo  or  Eastern  Chain. — The  valley  of 
Tenuyan,  separating  the  Peuquenes  and  Portillo  lines, 
is,  as  estimated  by  Dr.  Gillies  and  myself,  about  twenty 
miles  in  width ;  the  lowest  part,  where  the  road  crosses 
the  river,  being  7,600  feet  above  the  sea-level.  The 
pass  on  the  Portillo  line  is  14,865  feet  high  (1,100  feet 
higher  than  that  on  the  Peuquenes),  and  the  neigh- 
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\unr,Tsj  p'r.r..v:!-=r«  must,  I  concefre.  rJse  to  nearly  16.000 
fft^r  ar>,v^  r.hfi  sea.  The  river  draining  the  mtermediate 
vallrtj  of  Tfrnajan,  pa.5e*ra  thrjazh  the  Portillo  line. 
To  r'=rtorn  to  oi:r  .rrnrrioa : — shortly  after  leaving  the 
low-rf  b^rrljj  'p  *]  of  the  grpi-rijaa  t'l-rmarion,  we  come  to 
grand  ma.^«r-a  of  a  coarse,  red  Djn glomerate  [VJ,  totally 
nnlike  any  strafe  hitherto  seen  in  the  Cordillera.  This 
cyinjjlomerate  «  distinctly  stratified,  some  of  the  beds 
being  well  defined  by  the  greater  size  of  the  pebbles :  the 
cement  is  cal'^areoas  and  sometimes  crystalline,  though 
the  mass  ahowa  no  sii/na  of  having  been  metamorphosed. 
The  inclnd'd  pebbles  are  either  perfectly  or  only  par- 
ti?illy  rounded :  they  consist  of  purplish  sandstones,  of 
various  porphyries,  of  brownish  limestone,  of  black 
calcanious,  compact  shale  precisely  like  that  in  situ  in 
th«  iVuquenes  range,  and  containing  some  of  the  same 
fonffil  shdU  ;  also  very  many  pebbles  of  quartz,  some  of 
micficeouH  ?chist,  and  numerous,  broken,  rounded  crys- 
tals of  a  reddish  orthitic  or  potash  feldspar  (as  deter- 
mined by  Prof'ssor  Miller),  and  these  from  their  size 
must  have  been  derived  from  a  coarse-grained  rock, 
prol^jibly  granite.  From  this  feldspar  being  orthitic, 
and  evf:n  from  its  external  appearance,  I  venture  posi- 
tively to  aflirm  that  it  has  not  been  derived  from  the 
rocks  of  fh(3  western  ranges;  but,  on  the  other  hand, 
it  may  wf*ll  have  come,  together  with  the  quartz  and 
nKef4irnoq)liic  schists,  from  the  eastern  or  Portillo  line, 
for  this  lino  mainly  consists  of  coarse  orthitic  granite. 
Tlio  j)«jl>bl«'H  of  the  fossiliferous  slate  and  of  the  purple 
sandstono,  certainly  have  been  derived  from  the  Peu- 
quen(*8  or  western  ranges. 

The  road  crosses  the  valley  of  Tenuyan  in  a  nearly 
east  and  west  lino,  and  for  several  miles  we  have  on 
both  hands  the  conglomerate,  everywhere  dipping  west 
and   forming   separate  great  mountains.     The  strata. 
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where  first  met  with,  after  leaving  the  gypseons  forma- 
tion, are  inclined  westward  at  an  angle  of  only  20°, 
which  farther  on  increases  to  about  45".  The  gypseona 
Btrata,  as  we  have  seen,  are  also  inclined  westward ; 
hence,  when  looking  from  the  eaetem  side  of  the  valley 
towards  the  Peuquenes  range,  a  moat  deceptive  appear- 
ance is  presented,  as  if  the  newer  beds  of  conglomerate 
dipped  directly  under  the  much  older  beds  of  the 
gypseous  formation.  In  the  middle  of  the  valley,  a 
bold  mountain  of  unstratified  lilac-coloured  porphyry 
(with  crystals  of  hornblende)  projects ;  and  farther  on, 
a  little  south  of  the  road,  there  is  another  mountain, 
with  its  strata  inclined  at  a  small  angle  eastwards,  which 
in  its  general  aspect  and  colour,  resembles  the  porphy- 
ritic  conglomerate  formation,  so  rare  on  this  side  of  the 
Peuquenes  line  and  so  grandly  developed  throughout 
tiie  western  ranges. 

The  conglomerate  is  of  great  thickness :  I  do  not 
suppose  that  the  strata  fi^rming  the  separate  mountain- 
masses  \^,  V,  T]  have  ever  been  prolonged  over  each 
other,  but  that  one  mass  has  been  broken  up  by  several, 
distinct,  parallel,  nniclinal  lines  of  elevation.  Judging 
therefore  of  the  thickness  of  the  conglomerate,  as  seen 
in  the  separate  mountain-masses,  I  estimated  it  at  least 
from  1,500  to  2,000  feet.  The  lower  beds  rest  con- 
formably on  some  singalarly  coloured,  soft  strata  [Wj, 
which  I  conid  not  reach  to  examine ;  and  these  i^in 
rest  comformably  on  a  thick  mass  of  micaceous,  thinly 
laminated,  siliceous  Eandstone  [X],  associated  with  a 
little  black  clay-slate.  These  lower  beds  are  traversed 
by  several  dikes  of  decomposing  porphyry.  The  lami- 
nated sandstone  is  directly  superimposed  on  the  vast 
masses  of  granite  |T,  T]  which  mainly  compose  the 
Portillo  range.  The  line  of  junction  between  thia 
laUer  rock,  which  is  of  a  bright  red  colour,  and  tlie 
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irhitisli  sandstoae  was  beautifully  distinct;  the  Baod- 
EtoQe  being  peaetrated  by  numerous,  great,  tortuous 
dikes  branching  from  the  granite,  and  having  been 
converted  into  a  granular  quartz  rock  (singularly  like 
that  of  the  Falkland  Islands),  containing  specks  of  aa 
ochery  powder,  and  black  cr3'stalline  abunis,  apparently 
of  imperfect  mica.  The  qaartzose  strata  in  one  spot 
were  folded  into  a  regular  dome. 

The  granite  which  composes  the  magnificent  bare 
pinnacles  and  the  steep  western  Sank  of  the  Fortillo 
chain,  is  of  a  brick-red  oolonr,  coaraely  crystallized,  aad 
composed  of  orthitic  or  potash  feldspar,  quartz,  and  im- 
perfect mica  in  sraall  quantity,  eometiines  passing  into 
chlorite.  These  minerals  occasionally  assume  a  laminar 
or  foliated  arrangement.  The  fact  of  the  fel  Js^iar  being 
orithic  in  this  range,  is  very  remarkable,  cousideriug 
how  rare,  or  rather,  as  I  believe,  entirely  abaent,  this 
mineral  is  throughout  the  western  ranges,  in  which 
soda-feldspar,  or  at  least  a  variety  cleaving  like  albita, 
is  so  extremely  abundant.  In  one  spot  on  the  western 
flank,  and  on  the  eastern  flank  near  Los  Manantiales 
and  near  the  crest,  I  noticed  some  great  masses  of  a 
whitish  granite,  parts  of  it  fine-grained,  and  parts  con- 
taining large  crystals  of  feldspar ;  I  neglected  to  collect 
specimens,  so  I  do  not  know  whether  this  feldspar  is 
also  orthitic,  though  I  am  inclined  to  thiuk  so  from  its 
general  appearance.  I  saw  also  some  syenite  and  one 
mass  which  resembled  andesite,  but  of  which  I  likewise 
neglected  to  collect  specimens.  From  the  manner  in 
which  the  whitish  granites  formed  separate  mountaia- 
massea  in  the  midst  of  the  brick-red  variety,  and  from 
one  such  mass  near  the  crest  being  traversed  by  nume- 
rous veins  of  flesh-coloured  and  grei:»niBh  eurite  (into 
which  I  occasionally  observed  the  brick-red  grsniM 
insensibly  passing),  I  conclude  that  the  white  granitM 
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probably  belong  to  an  older  formation,  almost  over- 
whelmed and  penetrated  by  the  red  granite. 

On  the  crest  I  saw  also,  at  a  short  distance,  soma 
colonred  stratified  beds,  apparently  like  those  [W]  at 
the  western  base,  but  was  prevented  examining  them 
by  a  snow-Btorm :  Mr.  Caldcleugh,'  however,  collected 
here  apecimena  of  ribboned  jasper,  magneaian  lime- 
Btone,  and  other  minerals.  A  little  way  down  the 
eastern  slope  a  few  fragments  of  qnartz  and  mica-slate 
are  met  with ;  bat  the  great  formation  of  this  latter 
rock  [Z],  which  covers  jjp  much  of  the  eastern  flank 
and  base  of  the  PortUIo  range,  cannot  be  conveniently 
examined  nntil  mnch  lower  down  at  a  place  called  Mai 
Paao.  The  mica-schist  here  consists  of  thick  layers 
of  qnartB,  with  intervening  folia  of  finely-scaly  mica, 
often  passing  into  a  anbstance  like  black  glonsy  clay- 
slate  :  in  one  apot,  the  layers  of  quartz  having  disap- 
peared, the  whole  mass  became  converted  into  glossy 
olay-alate.  Where  the  folia  were  beat  defined,  they 
were  inclined  at  a  high  angle  westward,  that  is,  towards 
the  range.  The  line  of  junction  between  the  dark 
mica-slate  and  the  coarae  red  granite  was  most  clearly 
distinguishable  from  a  vast  distance :  the  granite  sent 
many  small  veins  into  the  mica-alate,  and  included 
flome  angolar  fragments  of  it.  As  the  sandstone  on  the 
western  base  has  been  converted  by  the  red  granite  into 
a  grannlar  qnartz-rocb,  so  this  great  formation  of  mica- 
fichist  may  possibly  have  been  metamorphosed  at  the 
same  time  and  by  the  same  means;  bnt  I  think  it 
more  probable,  considering  its  more  perfect  metamor- 
phic  character  and  its  well-pronounced  foliation,  that  it 
belongs  to  an  anterior  epoch,  connected  with  the  white 
granites:  I  am  the  more  inclined  to  this  view,  from 
having  found  at  the  foot  of  the  range  the  mica-schist 
■  'Travels,'  feo.,  toL  p.  808. 
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sniTonnding  &  hammock  (Tf  *],  exclusively  comp<aed  ol 
white  granite.  Near  Loa  Arenales,  the  mountains  on 
all  sides  are  composed  of  the  mica-slate ;  and  looking 
Lackwarda  from  tMa  point  up  to  the  bare  gigantic 
peaks  above,  tbe  view  was  eminently  interesting.  The 
colours  of  the  red  granite  and  the  black  mica^slate  are 
80  distinct,  that  with  a  bright  light  these  rocks  could 
be  readily  distinguished  even  from  the  Pampas,  afc  a 
level  of  at  least  9,000  feet  below.  The  red  granite, 
from  being  divided  by  parallel  joints,  has  weathered 
into  sharp  pinnacles,  on  some  .of  which,  even  on  some 
of  the  loftiest,  little  caps  of  mica-schist  could  be  clearly 
seen :  here  and  there  isolated  patches  of  this  rock 
adhered  to  the  monutain-flanks,  and  these  oflen  corre- 
sponded in  height  and  position  on  the  opposite  sides  of 
the  immense  valleys.  Lower  down  the  schist  prevailed 
more  and  more,  with  only  a  few  quite  small  points  of 
granite  projecting  through.  Looking  at  the  entire 
eastern  face  of  the  Portillo  range,  the  red  colour  far 
exceeds  in  area  the  black  ;  yet  it  was  scnrcely  possible 
to  doubt  that  the  granite  had  once  been  almost  wholly 
encased  by  the  mica-flchisfc. 

At  Los  Arenales,  low  down  on  the  eastern  flank,  the 
mica-slate  is  traversed  by  several  closely  adjoining, 
broad  dikes,  parallel  to  each  other  and  to  the  foliation 
of  the  schist.  The  dikes  are  formed  of  three  different 
varieties  of  rock,  of  which  a  pale  brown  feldspathic 
porphyry  with  grains  of  quartz  was  much  the  most 
abundant.  These  dikes  with  their  granules  of  quartz, 
as  well  as  the  mica-schist  itself,  strikingly  resemble  the 
rocka  of  the  Chonos  Archipelago.  At  a  height  of  about 
1,200  feet  above  the  dikes,  and  perhaps  connected  with 
them,  there  is  a  range  of  cliffs  formed  of  successive 
lava-atreams  [A  A],  between  300  and  400  feet  in  thick- 
ness, and  in  places  finely  columnar.     The  lava  conaista 
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of  dark-grayish,  harsh  rocks,  intermediate  in  character 
between  trachyte  and  basalt,  containing  glassy  feldspar, 
olivine,  and  a  little  mica,  and  sometimes  amygdaloidal 
with  zeolite :  the  hasia  is  either  qaite  compact,  or  crenn- 
Inted  with  air-vesicles  arranged  in  laminas.  The 
BtreamB  are  separated  from  each  other  by  beds  of  frag- 
mentary brown  Bcorite,  firmly  cemented  togetlier,  and 
including  a  few  well-rounded  pebbles  of  lava.  From 
their  general  appearance,  I  suspect  that  these  lava- 
streams  Sowed  at  an  ancient  period  under  the  pressure 
of  the  sea,  when  the  Atlantic  covered  the  Pampas  and 
washed  the  eastern  foot  of  the  Cordillera.'  On  the 
oppo^te  and  northern  side  of  the  valley  there  is  another 
line  of  lava-cliffs  at  a  corresponding  height ;  the  valley 
between  being  of  considerable  breadth,  and  as  nearly  as 
I  could  estimate  1,500  feet  in  depth.  This  field  of 
lava  is  confined  on  both  sides  by  the  mountains  of 
mica-schist,  and  slopes  down  rapidly  but  irregularly  to 
the  edge  of  the  Pampas,  where,  having  a  thickness  of 
about  200  feet,  it  terminates  against  a  little  range  of 
clay-stone  porphyry.  The  valley  in  tiiia  lower  part 
expands  into  a  bay-like,  gentle  slope,  bordered  by  the 
cliffs  of  lava,  which  must  certainly  once  have  extended 
across  this  wide  expanse.  The  inclination  of  the 
Btreame  from  Los  Arenales  to  the  mouth  of  the  valley  is 
so  great,  that  at  the  time  (though  ignorant  of  M.  Elie 
de  Beaumont's  researches  on  the  extremely  small  slope 
over  which  lava  can  flow,  and  yet  retain  a  compact 
structure  and  considerable  thicknees)  I  concluded  that 
they  must   subsequently  to  their  flowing   have  been 

'  Tbls  conclusion  mifht,  perhaps,  ecen  have  been  anticipated, 
fnim  the  general  rarity  of  volcanio  action,  except  near  Che  sea  or 
large  bodice  of  water.  ComCormabl;  with  this  mie,  at  the  present 
daj,  there  are  no  act  ive  Tolcanos  on  (his  eaa  temsideof  tbeCordlllen  I 
noi  ue  wveie  eailbqnakea  ezperienoed  hero. 
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upheaved  and  tilted  from  the  moDntaioE ;  of  this  coo- 
clasion  I  cao  now  entertain  not  the  smallest  doubt. 

At  the  mouth  of  the  valley,  within  the  cliffs  of  the 
above  lava-field,  there  are  remnants,  in  the  form  of 
separate  email  hillocks  and  of  lines  of  low  cliffs,  of  a 
coD^derable  deposit  of  compact  white  tnff  (qaarried  for 
filtoring-Btonea),  composed  of  broken  pamice,  volcanio 
crystals,  scales  of  mica,  and  fragments  of  lava.  This 
mass  has  snSered  much  denadatioa,  and  the  hard  mictw 
schist  has  been  deeply  worn,  since  the  period  of  its 
deposition  ;  and  this  period  tnaat  have  been  subseqnent 
to  the  dt'nudation  of  the  basnltic  lava-streams,  as  at- 
tested by  their  encircling  cliffs  standing  at  a  higher 
level.  At  the  present  day,  under  the  existing  arid 
climate,  ages  might  roll  past  without  a  square  yard  of 
rock  of  any  kind  being  denuded,  except  perhaps  in  the 
rarely  moistened  drainage-channel  of  the  valley.  Must 
we  then  look  back  to  that  ancient  period,  when  the 
waves  of  the  sea  beat  against  the  eastern  foot  of  the 
Cordillera,  for  a  power  sufficient  to  denude  extensively, 
though  superficially,  this  tufaceouB  deposit,  soft  al- 
though it  be  ? 

There  remains  only  to  mention  some  little  water- 
worn  hillocks  [B  B},  a  few  hundred  feet  in  height,  and 
mere  mole-hille  compared  with  the  gigantic  monntains 
behind  them,  which  rise  out  of  the  sloping,  shingle- 
covered  margin  of  the  Pamjiaa.  The  first  little  range 
is  compoaed  of  a  brecciated  purple  porphyritic  clay- 
stono,  with  obsenrely  marked  strata  dipping  at  70°  to 
the  SW. ;  the  other  ranges  consist  of — a  paie-colonred 
feldspathtc  porphyry, — a  purple  clay-stone  porphyry 
with  grains  of  qnnrtz, — and  a  rock  almost  exclusively 
composed  of  brick-red  crystals  of  feldspar.  These 
outermost  small  lines  of  elevation  extend  in  a  NW.  by 
W.  and  SE.  by  S.  direction. 
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Goncluding  Remarku  on  tke  PorHUo  Range. — When 
on  the  Pampas  and  looking  southward,  and  whilst  travel- 
ling norihword,  I  could  see  for  very  many  leagues  the 
red  granite  and  dark  mica-schist  forming  the  crest  and 
eastern  flank  of  the  Portillo  line.  This  great  range, 
according  to  Dr.  Gillies,  can  be  traced  with  littl©  inter- 
ruption for  140  miles  southward  to  the  R.  Diamante, 
where  it  anitea  with  the  western  ranges :  northward, 
according  to  this  same  author,  it  terminates  where  the 
B.  Mendoza  debouches  from  the  mountains;  but  a 
little  farther  north  in  the  eastern  part  of  the  Cumbre 
section,  there  ore,  as  we  shall  hereafter  see,  some 
m on n tain-masses  of  a  brick-red  porphyry,  the  last  in- 
jected amidst  many  other  porphyries,  and  having  so 
close  an  analogy  with  tlie  coarse  red  granite  of  the  Por- 
tillo line,  that  I  am  tempted  to  believe  that  they  belong 
to  the  same  axis  of  injection ;  if  so,  the  Portillo  line  is 
at  least  200  miles  in  length.  Its  height,  even  in  the 
lowest  gap  on  the  road,  is  14,365  feet,  and  some  of  the 
pinnacles  apparently  attain  an  elevation  of  about 
-  16,000  feet  above  the  sea.  The  geological  history  of 
this  grand  chain  appears  to  me  eminently  interesting. 
We  may  safely  conclude,  that  at  a  former  period  the 
valley  of  Tennyan  existed  as  an  arm  of  the  sea,  about 
twenty  miles  in  width,  bordered  on  one  hand  by  a  ridge 
or  chain  of  isletfl  of  the  black  calcareous  shales  and 
purple  sandstones  of  the  Gypseons  formation ;  and  on 
the  other  hand,  by  a  ridge  or  chain  of  islets  composed 
of  mica-slate,  white  granite,  and  perhaps  to  a  partial 
extent  of  red  granite.  These  two  chains,  whilst  thus 
bordering  the  old  sea-channel,  must  have  been  exposed 
for  a  vast  lapse  of  time  to  alluvial  and  littoral  action, 
during  which  the  rocks  were  shattered,  the  frc^ments 
rounded,  and  the  strata  of  conglomerate  accumulated 
to  a  thickness  of  at  least  1,600  or  2,000  feet.     The 
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red  orthitic  granite  now  forms,  as  we  have  seen,  t^io 
main  part  of  the  Portillo  chain :  it  is  injected  in  dikes 
not  only  into  the  mica- schist  and  white  granites,  but 
into  the  laminated  sandstone,  which  it  has  metamor- 
phosed and  which  it  has  thrown  off,  together  with  the 
conformably  overlying  coloured  beds  and  stratified 
conglomerate,  at  an  angle  of  forty-five  degrees.  To 
have  thrown  off  so  vast  a  pile  of  strata  at  this  angle, 
is  a  proof  that  the  main  part  of  the  red  granite 
(whether  or  not  portions,  as  perhaps  is  probable, 
previously  existed)  was  injected  in  a  liquified  state  after 
the  accumulation  both  of  the  laminated  sandstone  and 
of  the  conglomerate ;  this  conglomerate,  we  know,  was 
arcnmulated,  not  only  after  the  deposition  of  the  fos- 
sil ittrous  strata  of  the  Peuquenes  line,  but  after  their 
elevation  and  long-continued  denudation:  and  these 
fossil ifero us  strata  belong  to  the  early  part  of  the 
Cretaceous  system.  Late,  therefore,  in  a  geological 
sense,  as  must  be  the  age  of  the  main  part  of  the  red 
granite,  I  can  conceive  nothing  more  impressive  than 
the  ejistern  view  of  this  great  range,  as  forcing  the  mind 
to  grapple  with  the  idea  of  the  thousands  of  thousands 
of  years  requisite  for  the  denudation  of  the  strata 
which  originally  encased  it, — for  that  the  fluidified 
granite  was  once  encased,  its  mineralogical  composition 
and  structure,  and  the  bold  conical  shape  of  the  moun- 
tain-masses, yield  sulBcient  evidence.  Of  the  encasing 
strata  we  see  the  last  vestiges  in  the  coloured  beds  on 
the  crest,  in  the  little  caps  of  mica-schist  on  some  of 
the  loftiest  pinnacles,  and  in  the  isolated  patches  of  this 
same  rock  at  corresponding  heights  on  the  now  bare  and 
steep  flanks. 

The  lava-streams  at  the  eastern  foot  of  the  Portillo 
are  interesting,  not  so  much  from  the  great  denudation 
which  they  have  suffered  at  a  comparatively  late  period 
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as  from  the  evidence  they  afford  by  their  inclination 
taken  conjointly  with  their  thickness  and  compactness, 
that  after  the  great  range  had  assumed  its  present 
general  outline,  it  continued  to  rise  as  an  axis  of  eleva- 
tion. The  plains  extending  from  the  base  of  the 
Cordillera  to  the  Atlantic  show  that  the  continent  has 
been  upraised  in  mass  to  a  height  of  3,500  feet,  and 
probably  to  a  much  greater  height,  for  the  smooth 
shingle-corered  margin  of  the  Pampas  is  prolonged  in  a 
gentle  unbroken  slope  far  np  many  of  the  great  valleys. 
Nor  let  it  be  assumed  that  the  Penqnenes  and  Portillo 
ranges  have  undergone  only  movements  of  elevation ; 
for  ne  shall  hereafter  see,  that  the  bottom  of  the  sea 
'subsided  several  thousand  feet  dnring  the  deposition  of 
strata,  occupying  tlie  same  relative  place  in  the  Cor- 
dillera, with  those  of  the  Feuquenes  ridge ;  moreover, 
we  shall  see  from  the  unequivocal  evidence  of  buried 
upright  trees,  that  at  a  somewhat  later  period,  during 
the  formation  of  the  Uspallata  chain,  which  corresponds 
geographically  with  that  of  the  Portillo,  there  was 
another  subsidence  of  many  thousand  feet :  here,  in- 
deed, in  the  valley  of  Teuuyan,  the  accumulation  of  the 
coarse  stratified  conglomerate  to  a  thickness  of  1,500 
or  2,000  feet,  offers  strong  presumptive  evidence  of 
subsidence;  for  all  existing  analogies  lead  to  the  belief 
that  large  pebbles  can  be  transported  only  in  shallow 
water,  liable  to  be  affected  by  currents  and  movements 
of  undulation — and  if  so,  the  shallow  bed  of  the  sea  on 
which  the  pebbles  were  first  deposited  must  necessarily 
hnve  sunk  to  allow  of  the  accumulation  of  the  super- 
incumbent strata.  What  a  history  of  changes  of  level, 
and  of  wear  and  tear,  all  since  the  age  of  the  latter 
Secondary  formations  of  Europe,  does  the  structure  of 
this  one  great  mountain-chain  reveal  I 
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Passage  of  the  Andes  by  the  Cumbre  or  UspaUata 

Pass. 

This  Pass  crosses  the  Andes  about  sixty  miles  north 
of  that  just  described :  the  section  given  in  Plat«  I. 
fig.  2,  is  on  the  same  scale  as  before,  namely,  at  one- 
third  of  an  inch  to  a  mile  in  distance,  and  one  inch  to 
a  mile  (or  6,000  feet)  in  height.  Like  the  last  section,  it 
is  a  mere  sketch,  and  cannot  pretend  to  accuracy,  though 
made  under  favourable  circumstances.  We  will  com- 
mence as  before,  with  the  western  half,  of  which  the 
main  range  bears  the  name  of  tlie  Cumbre  (that  is  the 
Ridge),  and  corresponds  to  the  Peuquenes  line  in  the 
former  section  ;  as  does  the  UspaUata  range,  though  on 
a  much  smaller  scale,  to  that  of  the  Portillo.  Near  the 
point  where  the  river  Aconcagua  debouches  on  the  basin 
plain  of  the  same  name,  at  a  height  of  about  2,»S00  feet 
above  the  sea,  wo  meet  with  the  usual  purple  and 
greenish  porphyritic  clay-stone  conglomerate.  Beds  of 
this  nature,  alternating  with  numerous  compact  and 
amygdaloidal  porphyries,  which  have  flowed  as  sub- 
marine lavas,  and  associated  with  great  mountain- 
masses  of  various,  injected,  non-stratified  porphyries, 
are  prolonged  the  whole  distance  up  to  the  Cumbre  or 
central  ridge.  One  of  the  commonest  stratified  por- 
phyries is  of  a  green  colour,  highly  amygdaloidal  with 
the  various  minerals  described  in  the  preliminary  dis- 
cussion, and  including  fine  tabular  crystals  of  albite. 
The  mountain-range  north  (often  with  a  little  westing) 
and  south.  The  stratification,  wherever  I  could  clearly 
distinguish  it,  was  inclined  westward  or  towards  the 
Pacific,  and,  except  near  the  Cumbre,  seldom  at  angles 
above  25°.  Only  at  one  spot  on  this  western  side,  on  a 
lofty  pinnacle  not  far  from  the  Cumbre,  I  saw  strata 
apparently  belonging  to  the  Gypseous  formation,  and 
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conformably  capping  a  pile  of  stratified  porphyrieK. 
Hence,  both  in  composition  and  in  strati fication,  the 
Btructure  of  tbe  mountains  on  this  western  eide  of 
the  divoriiti'm  aquaram,  is  far  more  simple  than  io  the 
corresponding  part  of  the  Peuquenea  section.  In  the 
porphyritio  clay-stone  conglomerate,  the  mechanical 
fitnicture  and  the  planes  of  stratification  have  generally 
been  mnch  obscured  and  even  qnite  obliterated  towards 
the  base  of  the  senes,  whilst  in  the  upper  parts,  near 
the  summits  of  tbe  monotains,  both  are  distinctly  dis- 
played. In  these  opper  portions  the  porphyries  are 
generally  lighter  coloured.  In  three  places  [X,  Y,  Z] 
masses  of  andesite  are  exposed :  at  [Y],  this  rock  con- 
tained some  quartz,  but  the  greater  part  consisted  of 
aiidesitic  porphyry,  with  only  a  few  well-developed  crys- 
tals of  albite,  and  forming  a  great  white  mass,  having 
the  external  aspect  of  granite,  capped  by  much  dark 
nustratified  porphyry.  In  many  parts  of  the  moun- 
tains, there  are  dikes  of  a  green  colour,  and  other  white 
ones,  which  latter  probably  spring  from  underlying 
masses  of  andesite. 

The  Cumbre,  where  the  road  crosses  it,  is,  according 
to  Mr.  Pentland,  12,454  feet  above  the  sea ;  and  tfie 
neighbouring  peaks,  composed  of  dark  purple  and 
wliitish  porphyries,  some  obscurely  stratified  with  a 
westerly  dip,  and  others  without  a  trace  of  stratification, 
must  exceed  13,000  feet  in  height.  Descending  the 
enetfrn  slope  of  the  Cumbre,  the  structure  becomes  very 
complicated,  and  generally  difiera  on  the  two  sides  of 
the  east  and  west  line  of  road  and  section.  First  we 
come  to  a  great  mass  [A]  of  nearly  vertical,  singularly 
contorted  strata,  composed  of  highly  compact  red  sand- 
stones, and  of  often  calcareous  conglomerates,  and  pene* 
trat«d  by  green,  yellow,  and  reddish  dikes ;  but  I  shall 
presently  have  an  opportnnity  of  describing  in  some 
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detail  an  analogous  pile  of  strata.  These  vertical  beda 
are  abruptly  succeeded  by  others  [B],  of  apparently 
nearly  the  same  nature  but  more  metamorphosed,  alter- 
nating with  porphyries  and  limestones ;  these  dip  for  a 
short  space  westward,  but  there  has  been  here  an  extra- 
ordinary dislocation,  which,  on  the  north  side  of  the 
road,  appears  to  have  determined  the  excavation  of  the 
north  and  south  valley  of  the  B.  de  las  Cuevas.  On 
this  northern  side  of  the  road,  the  strata  [B]  are  pro- 
longed till  they  come  in  close  contact  with  a  jagged 
lofty  mountain  [D]  of  dark-coloured,  unstratified,  in- 
trusive porphyry,  where  the  beds  have  been  more  highly 
inclined  and  still  more  metamorphosed.  This  moun- 
tain of  porphyry  seems  to  form  a  short  axis  of  elevation, 
ii)V  south  of  the  road  in  its  line,  there  is  a  hill  [C] 
of  porphyritic  conglomerate  with  absolutely  vertical 
strata. 

We  now  come  to  the  Gypseous  formation :  I  will 
first  describe  the  structure  of  the  several  mountains,  and 
then  give  in  one  section  a  detailed  account  of  the  nature 
of  the  rocks.  On  the  north  side  of  the  road,  which  here 
runs  in  an  edst  and  west  valley,  the  mountain  of  por- 
phyry [D]  is  succeeded  by  a  hill  [E]  formed  of  the 
upper  gypseous  strata  tilted,  at  an  angle  of  between 
70°  and  80°  to  the  west,  by  an  uniclinal  axis  of  elevation 
which  does  not  run  parallel  to  the  other  neighbouring 
ranges,  and  which  is  of  short  length ;  for  on  the  south 
side  of  the  valley  its  prolongation  is  marked  only  by  a 
small  flexure  in  a  pile  of  strata  inclined  by  a  quite 
separate  axis.  A  little  farther  on  the  north  and  south 
valley  of  Horcones  enters  at  right  angles  our  line  of 
section;  its  western  side  is  bounded  by  a  hill  of 
gypseous  strata  [F],  dipping  westward  at  about  45°, 
and  its  eastern  side  by  a  mountain  of  similar  stxat^a 
£GJ  inclined  westward  at  70°,  and  superimposed  by  an 
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oblique  fault  on  another  mass  of  the  eame  strata  [H], 
also  inclined  westward,  but  at  an  angle  of  only  about 
30°:  the  complicated  relation  of  these  three  masses 
[F,  G,  H]  iB  explained  by  the  etructore  of  a  great 
tnoun tain-range  lying  some  way  to  the  north,  in  which 
a  regnlsr  anticlinal  axis  (represented  in  the  section  by 
dotted  linee)  is  seen,  with  the  strata  on  its  eastern  side 
again  bending  up  and  forming  a  distinct  nnicUnal  axis, 
of  which  the  beds  marked  [H]  form  the  lower  part. 
This  great  uniclinal  line  is  intersected,  near  the  Paente 
del  Inca,  by  the  valley  along  which  the  road  runs,  and 
the  strata  composing  it  will  be  immediately  described. 
On  the  south  side  of  the  road,  in  the  space  correspond- 
ing with  the  monntains  [E,  F  and  G],  the  strata  every- 
where dip  westward  generally  at  an  angle  of  30°,  occa- 
sionally mounting  up  to  45°,  bnt  not  in  an  unbroken 
line,  for  there  are  several  vertical  faults,  forming 
separate  uniclinal  masses,  all  dipping  in  the  same 
direction, — a  form  of  elevation  common  in  the  Cordil- 
lera. We  thus  see  that  within  a  narrow  space,  the 
gypseous  strata  have  been  upheaved  and  crushed  tx>- 
gether  by  a  great  uniclinal,  anticlinal,  and  one  lesser 
uniclinal  line  [K]  of  elevation  ;  and  that  between  these 
three  lines  and  the  Cumbre,  in  the  sandstones,  con- 
glomerates and  porphyritlc  formation,  there  have  been 
at  least  two  or  three  other  great  elevatory  axes. 

The  onicUnal  axis  [I]  intersected  near  the  Puente 
del  Inca'  (of  which  the  strata  at  [Hj  form  a  part) 


'  At  this  pllice,  there  aie  i^ome  hot  and  cold  Bpring^,  the  w 
having  a  tempenitare,  acconiing  to  Lieut.  Brand  ('  Travels,"  p.  240), 
of  91°  ;  they  emit  much  gas.  According  to  Mr.  Brande,  of  the  Ro3al 
Institution,  ten  onbica]  inchea  oootain  forty-five  ^raini  of  solid 
matter,  consisting  chiett;  of  salt,  gypsum,  carbonate  of  lime,  and 
oxide  ol  iron.  I'be  water  is  charged  with  carbonic  acid  and 
■ulpbaretted  hydrogen.  These  springs  deposit  much  tufa  in  tite 
form  of  sphcri^  balls.  They  borst  forth,  as  do  those  of  Caoqaeaea, 
anrl  probably  those  ol  TiUa  Vicencio,  on  a  line  of  elevation. 
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ranges  N.  by  W.  and  S.  by  E.,  forming  a  chain  of 
mountains,  apparently  little  inferior  in  height  to  the 
Cumbre :  the  strata,  as  we  have  seen,  dip  at  an  arerage 
article  of  30^  to  the  west.  The  flanks  of  the  mountains 
are  here  quite  bare  and  steep,  affording  an  excellent 
Scrction ;  so  that  I  was  able  to  inspect  the  strata  to  a 
thickness  of  about  4.000  feet,  and  could  clearlv  dia- 
tingiiish  their  general  nature  fur  1,000  feet  higher, 
making  a  total  thickness  of  5,000  feet,  to  which  must 
be  added  about  1,000  feet  of  the  inferior  strata  seen  a 
little  lower  down  the  vallev.  I  will  describe  this  one 
section  in  detail,  begiuniug  at  the  bottom. 

1st.  The  lowest  mass  is  the  altered  clav- slate  de- 
scribed  in  the  preliminary  discu>i;iou.  and  which  in  this 
line  of  section  was  here  first  met  with.  Lower  down 
the  valley,  at  the  R.  de  las  Vacas,  I  had  a  better  oppor- 
tunity  of  examining  it;  it  is  there  in  some  parts  well 
characterised,  having  a  distinct,  nearly  vertical,  tortuous 
cleavage,  ranging  NW.  and  SE.,  and  intersected  by 
quartz  veins :  in  most  parts,  however,  it  is  crystalline 
and  feldspathic,  and  passes  into  a  true  greenstone  often 
including  grains  of  quartz.  The  clay-slate,  in  its  upper 
half,  is  frequently  brecciated,  the  embedded  angular 
fragments  being  of  nearly  the  same  nature  with  the 
paste. 

2nd.  Several  strata  of  purplish  porphyritic  con- 
glomerate, of  no  very  great  thickness,  rest  conformably 
upon  the  feldspathic  slate.  A  thick  bed  of  fine,  purple, 
clay-stono  porphyry,  obscurely  brecciated  (but  not 
of  metamorphosed  sedimentary  origin),  and  capped 
by  porphyritic  conglomerate,  was  the  lowest  bed 
actually  examined  in  this  section  at  the  Puente  del 
Inca. 

3rd.  A  stratum,  eighty  feet  thick,  of  hard  and  very 
compact  impure  whitish  limestone,  weathering  bright 
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red,  with  included  layers  brecciated  aftd  re-ccnienttd. 
Obscure  marks  of  shell  are  distinguishablo  in  it. 

4th.  A  red,  quartzoae,  fine-grained  conglomerate, 
with  grains  of  quartz,  and  with  patches  of  white  earthy 
feldspar,  apparently  due  to  some  proceBS  of  concretionary 
crystalline  action:  this  bed  is  more  compact  and 
metamorphosed  thon  any  of  the  overlying  conglome- 
rates. 

5tb.  A  whitish  cherty  limestone,  with  nodules  of 
bluetsh  argillaceous  limestone. 

6th.  A  white  conglomerate,  with  many  particles  of 
quartz,  almost  blending  into  the  paste. 

7tb.  Highly  siliceous,  fine-grained  white  sand- 
stone. 8th  and  9th.  Red  and  white  beds  not  ex- 
amined. 

10th.  Yellow,  fine-grained,  thinly  stratified,  mag- 
nesian  (judging  from  its  slow  disRoIution  in  acids)  lime- 
stone ;  it  includes  some  white  quartz  pebbles,  and  little 
ca,vitieB,  lined  with  calcareous  spar,  some  retaiuing  the 
form  of  shells. 

11th.  A  bed  between  twenty  and  thirty  feet  thick, 
quite  conformable  with  the  underlying  ones,  composed 
of  a  hard  basis,  tinged  lilac-gray  porphyritic  with 
nu-meroua  crystals  of  whitish  feldspar,  with  black  mica 
and  little  spots  of  soft  ferruginous  matter :  evidently  a 
submarine  lava. 

I2th.  Yellow  magnesian  limestone,  as  before,  part- 
stained  purple. 

13th.  A  most  singular  rock;  basis  purplish  gray, 
obscurely  crystalline,  easily  fusible  into  a  dark  green 
glass,  not  hard,  thickly  speckled  with  crystals  more  or 
less  perfect  of  white  carbonate  of  lime,  of  red  hydrous 
oxide  of  iron,  of  a  white  and  transparent  mineral  tike 
analcime,  and  of  a  green  opaque  mineral  tike  soap-stone ; 
the  basis  is  moreover  amygdaloidal  with  many  spherical 
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balla  of  white  crrstallUed  carbonate  of  lime,  of  which 
some  are  coated  nith  the  red  oxide  of  iron.  I  h&ve  no 
doubt,  from  the  examinatioa  of  a  superincumbeat 
Btratom  (19^,  that  thU  ia  a  submarine  lava ;  thoDgh  in 
Northern  Chile,  some  of  the  metamorphosed  sedimentary 
beds  are  almost  as  cirsialline,  and  of  as  varied  com- 
position. 

14tb.  Red  sandstone,  passing  in  the  upper  part  into 
»  coarse,  hard,  red  conglomemte,  300  feet  thick,  having 
a  caicareou:-  cement,  and  inclading  grBinn  of  qaartz  and 
broken  crystals  of  feldspar ;  basis  infusible ;  the  pebbles 
consist  of  dull  parplii^h  porphyrits,  with  some  of  quartz, 
from  the  size  of  a  nnt  to  a  man's  head.  Iliis  is  the 
coursfst  con  f,'lom  prate  in  this  part  of  the  Cordillera :  in 
the  Kiiddlr  there  was  a  white  layer  not  esamiued. 

loth,  brand  thick  bed,  of  a  very  hard,  yellowish- 
white  rock,  with  a  crystalline  feldspathic  base,  inctadirtj^ 
large  crystals  of  white  feldspar,  many  little  cavities 
mostly  full  of  soft  ferruirinous  matter,  and  numerous 
hexagonal  pluttr.i  of  black  mica.  The  upjier  part  of 
this  great  bed  is  slightly  cellular;  the  tower  part 
Com[iact :  the  thickness  varied  a  little  in  ditferent  ]>art8. 
Manifostly  a  sulimurine  lava;  and  is  allied  to  bed  11. 

Kith  and  17th.  Dull  purplish,  calcareous,  fine- 
gniined,  compact  fiQtid^tones,  which  pii-sa  into  coarse 
white  conglonieratt-s  with  numerous  particles  of  quartz. 

IStli.  Several  alternations  of  red  conglomerate, 
pnri)liiili  Biindstone,  and  snbmarine  lava,  like  that  singu- 
lar  rock  forming  bed  13. 

l!)ih.  A  vejy  heavy,  compact,  greenish-black  stone, 
with  a  fine- grained  obviously  crystalline  basis,  contain- 
ing  a  few  specks  of  white  calcareous  spar,  many  specks 
of  tboeryslallised  hydrous  red  oxide  of  iron,  and  some 
specks  of  a  green  mineral ;  there  are  veins  and  nesta 
filled  with  epidote :  certainly  a  submarine  lava. 
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20tli.  Many  thin  strata  of  compact,  fine-grained, 
pale  purple  sandstooe. 

21  et.  Gypsum  in  a  nearly  pure  state,  abont  300  feet 
in  thicknesa :  this  bed,  in  its  coacretioca  of  anhydrite 
and  layers  of  small  blackish  crystals  of  carbonate  of 
lime,  exactly  resembles  the  great  gypseous  beds  in  tbd 
PeuqneneB  range. 

22nd.  Pale  purple  and  reddish  sandstone,  as  in  bed 
20 :  about  300  feet  in  thickness. 

28Fd.  A  thick  mass  composed  of  layers,  often  as 
thin  as  paper  and  convoluted,  of  pure  gypsum  with 
others  very  impure,  of  a  purplish  colour. 

24th.  Pure  gypsum,  thick  mass. 

25th.  Bed  sandstones,  of  great  thickness. 

26th.  Pure  gypsum,  of  great  thickness. 

27th.  Alternating  layers  of  pure  and  impure  gypaum, 
of  great  thickness. 

I  was  not  able  to  ascend  to  these  few  last  great 
strata,  which  compose  the  neighbouring  loftiest  pin- 
nacles. The  thickness,  from  the  lowest  to  the  uppermost 
bed  of  gypsum,  cannot  be  less  than  2,000  feet :  the  beds 
beneath  I  estimated  at  3,000  feet,  and  this  does  not 
include  either  the  lower  parts  of  the  porphyritic  conglo- 
merate, or  the  altered  clay-slate ;  I  conceive  the  tetal 
thickness  must  be  about  6,000  feet.  I  distinctly 
observed  that  not  only  the  gypsum,  but  the  alternating 
sandstones  and  conglomerates  were  lens-shaped,  and 
repeatedly  thinned  out  and  replaced  each  other :  thus 
in  the  distance  of  about  a  mile,  a  bed  800  feet  thick  of 
sandstone  between  two  beds  of  gypsnro,  thinned  out  to 
nothing  and  disappeared.  The  lower  part  of  this  section 
differs  remarkably, — in  the  much  greater  diversity  of 
its  mineralogical  composition, — in  the  abundance  of 
calcareous  matter, — in  the  greater  coarseness  of  some 
of  the  conglomerates, — and  in  the  numerous  particles 


510  Section  by  the  Cumbre  Pass,     ttxsxu 

and  well  rounded  pebbles,  sometimeB  of  large  size,  of 
quartz, — from  aov  other  Bection  liitherto  described  in 
Chile.  From  these  peculiarities,  and  from  the  lena- 
form  of  the  strata,  it  is  probable  that  this  great  pile  of 
Btrata  was  accumulated  on  a  shallow  aud  very  nnevea 
bottom,  near  acme  pre-existing  land  foimed  of  various 
porphyries  and  quartz-rock.  The  formation  of  por- 
pLyritic  clay-etone  conglomerate  does  not  in  this  section 
attain  nearly  its  ordinary  thickness;  this  may  hopartly 
attributed  to  the  metamorphic  action  having  been  here 
much  less  energetic  than  usual,  though  the  lower  beda 
have  been  affected  to  a  certain  degree.  If  it  had  been 
as  energetic  aa  in  most  other  parts  of  Chile,  many  of 
the  beds  of  sandstone  aud  conglotnevate,  containing 
rounded  masses  of  porphyry,  would  doubtless  have  been 
converted  into  porphyritic  conglomerute ;  and  these 
would  have  alternated  with,  and  even  blended  into, 
crystalline  and  porphyritic  strata  without  a  trace  of 
mc'clianical  structure, — namely,  into  those  which,  in  the 
present  state  of  the  section,  we  see  are  unquestionably 
enbmariue  lavas. 

The  beda  of  gypsum,  togetlipr  with  the  red  alternat- 
ing sandstones  and  conglomerates,  present  so  perfect 
and  curious  n  resemblance  with  those  seen  in  our  former 
section  in  the  bnain-valley  of  Teso,  that  I  cannot  doubt 
the  identity  of  the  two  formations  :  I  may  add,  that  a 
little  westward  of  the  P.  del  Inoa,  a  mass  of  gypsum 
passed  into  a  fine-grained,  harb  ,drown  sandstone,  which 
contained  some  layers  of  blatk,  calcareous,  compact, 
ehaly  rock,  precisely  like  that  seen  in  such  vaat  masses 
on  the  Peu queues  range-. 

Near  the  Puente  del  Inca,  numerous  fragments  of 
limestone,  containiuf^  some  fossil  remains,  were  scattered 
on  the  ground :  tliesie  fragments  ao  perfectly  resemble 
the  limestone  of  bed  No.  8,  in  which  I  saw  impressions 
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of  shells,  that  I  liave  no  doabt  they  have  fallen  from  it. 
The  yellow  magneaian  limestone  of  bed  No.  10,  whicli 
also  inelndea  traces  of  shells,  has  a  different  appearance. 
These  fossils  (as  named  by  M.  d'Orbignj)  consist  of — 

GrypbEea,  near  to  &.  CouUni  (Neocomian  fonnation). 

Area,  perhaps^.  QahrielU,  d'Oibig.  '  PBLFianc.'(Neocoi[]iaDfo^ 

Mr.  Pentland  made  a  collection  of  shells  from  this 
same  spot,  and  Von  Buch '  considers  them  as  consisting 
of— 

Trigonia,  resembling  in  form  T.  eoitata. 

Phaladomf  a.  like  one  found  by  M.  Dnrresnoy  near  Alen^oD. 

lacrcardiaeicentrica,  Vollz.,  identical  with  that  from  the  Jara. 

Two  of  these  sheila,  namely,  the  Gryphtea  and 
Trigonia,  appear  to  be  identical  with  species  collected 
by  Meyen  and  myself  on  the  Peuquenes  range ;  and  in 
the  opinion  of  Von  Buoh  and  M.  d'Orbigny,  the  two 
formations  belong  to  tlie  same  age.  I  mnst  here  add, 
that  Professor  E.  Forbes,  who  has  examined  my  speci- 
mens from  this  place  and  from  the  Penqnenes  range, 
has  likewise  a  strong  impression  that  they  indicate  the 
Cretaceous  period,  and  probably  an  early  epoch  in  it ; 
so  that  all  the  paleeontologists  who  have  seen  these 
fossils  nearly  coincide  in  opinion  regarding  their  age. 
The  limestone,  however,  with  these  fossils  here  lies  at 
the  very  base  of  the  formation,  jast  above  the  porphyritio 
conglomerate,  and  certainly  several  thonsand  feet  lower 
in  the  series,  than  the  eqnivalent,  fossiliferons,  black, 
ebaly  rocks  high  np  on  the  Peuquenes  range. 

It  is  well  worthy  of  remark  that  these  shells,  or  at 
least  those  of  which  I  saw  impressions  in  the  limestone 
(bed  No.  3),  must  have  been  covered  np,  on  the  Isast 
oompntation,   by  4,000  feet  of  strata :  now  we  know 

•  ■  DeBoript.  ?b7B.  dea  Ilea  Can.'  p.  472. 


^^  i^s  B  •llow  of  the  'i'-p'" 


_^r  .■■■iifiiw.  tliat  tlie  sea  at 
~  400  feet  bHnmea  ezceedicgly 
"''  -_  ^nrgm;— ■  result  quite  in  accrriiar.ci? 
5jrf*  X  i***  •een  of  deep-eea  Karid;r:s», 
^  ^B  fenefltrtne  witt  ita  shells  was  d-p.:s>^ 
I  itf  the  sea  where  the  mnin  lin?  of  the 
■Dvatandn,  mDj>t  have  .^b^i-i^  »:[i:e  tbTs- 
tt  of  the  snper:n>:nin- 
irine  Strata.  Wirhonrsiippcsiiiffa  movrmeat 
^  lfai9  kin^,  it  would,  mrreover.  be  imposaib!e  to 
gB^r^Tsnd  th^  accnmaUtioD  of  rhe  <:<^v<-ral  l''>:T>^r  strata 
(/  OMiriw,  wftU-ronnfled  ooni'!';ni-^r!i''-fl,  which  it  is 
(car'^'Iv  f<'<^-iblii  to  Hi'rve  wT^re  spr'-,':rl  ont  inprofoimd'y 
iw-p  wftt'T.  flf.d  which,  e^fj'.L-iaily  those  contftining 
pf^l.KI'-H  f/  fjimrfz,  muld  hanlly  have  ber-n  ronndc'I  in 
Bi)hni(iriri<:  cmtj-ni  fltl'I  uft'-nvarfls  <-jf?ctcd  from  th>m.  as 
I  >t"Ii'-vf!  fo  hfivf!  hwn  tlie  case  with  much  of  the 
ji<ir|.h_vriti':  cm'/iOmfTAii;  f'.rTnation,  I  may  add  that, 
in  l'r'»f'H«or  V<it\ii-h'h  opinion,  the  above-enumerated 
tt\ii-i-\fn  of  Molluficn  probably  did  not  live  at  a  much 
friiiiii-T  (I'pth  thim  twenty  fathoms,  tliat  is  odIj  120 

Tfi  n'tiirn  to  our  pection  down  the  valley :  standing 
fjii  thi!  j.'rciit.  N.  }iy  W.  and  S.  by  E.  uniclinal  axis  of 
Mil-  I'li'iiifi!  did  Inca,  of  wliJch  a  section  has  just  been 
)fiv'-n,  and  Ifjfjkinfj  nortli-east,  great  tabul.ir  masses  of 
t.liii  (!y[iM'(iiiH  fonniition  [K  K]  could  be  seen  in  tlie 
dii-lfitifc,  vi'ry  wlif^hlly  inclined  towai-ds  the  east.  Lower 
(Imvn  Mm  valliiy,  Die  moiiiitiiiiiB  are  almost  exclnaively 

I |"i-i-d   (if  p(>r|>hyrii'B,    iiiimy  of  them  of  intrusive 

cirif'iii  find  non-slni(ilird,  ollicra  utratificd,  but  with  the 
Htratirn'riliiin  fU'lilnni  distinguishable  except  in  the 
iilijHT  |iiirlM.  Disnyardiiig  local  disturbancfs,  the  beda 
in-i>  I'iliirr  horizontal  nr  inclined  at  a  small  angle  east^ 
waiilH :  hence,  wlum  standing  on  the  plain  of  Uspallata 
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and  looking  tx)  tbe  west  or  backwards,  the  Cordillera 
appenr  composed  of  Luge,  square,  nearly  boriKontal, 
tabular  masses :  bo  wide  a  space,  with  sucb  lofly  nioun- 
taiiis  so  equably  elevated,  is  rarely  met  with  within  the 
Cordillera.  In  this  line  of  section,  the  interval  between 
the  Fuente  del  Inca  and  the  neighbourhood  of  the 
Cuinbre,  includes  all  the  chief  axes  of  dislocation. 

The  altered  clay-slate  formation,  already  described, 
18  ficen  in  several  parts  of  the  valley  as  fur  duwn  as  Las 
Vacaa,  underlying  the  porphyritic  conglomerate.  At 
the  Casa  de  Pujioa  [L],  there  is  a  hummock  of  (ande- 
sitic  ?)  granite ;  and  the  stratification  of  the  surrounding 
mountains  here  changes  from  W,  by  S.  to  SW.  Again, 
near  the  R.  Vacaa  there  is  a  larger  formation  of  (ande- 
sitic  ?)  granite  [M],  which  sends  a  mesh-work  of  veins 
into  the  superincumbent  clay-slate,  and  which  locally 
throws  off  the  strata,  on  one  side  to  NW.  and  on  the 
other  to  SE.  hut  not  at  a  high  angle :  at  the  junction, 
the  clay-slate  is  altered  into  fine-grained  greenstone. 
This  granitic  axis  ia  intersected  by  a  green  dike,  which 
I  mention,  because  I  do  not  remember  having  elsewhere 
seen  dikes  in  this  lowest  and  latest  intrusive  rock. 
From  the  li.  Vacas  to  the  plain  of  Uspallata,  the  valley 
runs  NE.,  so  that  I  have  had  to  contract  my  section; 
it  runs  exclusively  through  porphyritic  rocka,  Ab  far 
as  the  Pass  of  Jaula,  the  clay-stone  conglomerate  forma- 
tion, in  most  parts  highly  porphyritic,  and  crossed  by 
numerous  dikes  of  greenstone-porphyry,  attains  a  great 
thickness :  there  is  also  much  intrusive  poqiliyry.  From 
the  Jauta  to  the  plain,  the  stratification  has  been  in 
most  places  obliterated,  except  near  the  tops  of  some  of 
the  mountains ;  and  the  metamorphic  action  has  been 
extremely  great.  In  this  space,  the  number  and  bulk 
of  the  intrusive  masses  of  differently  coloured  porphyries, 
injected  one  into  another  and  intersected  by  dikes,  ia 
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truly  extraordinary.  I  saw  one  monntaia  of  whitish 
porphyry,  from  which  two  huge  dikes,  thinning  out, 
branched  downwards  into  an  adjoining  blackish  por- 
phyry. Another  hill  of  white  porphyry,  which  had 
barst  through  dark-coloured  strata,  was  itself  injected 
by  a  purple,  brecciated,  and  recemented  porphyry,  both 
being  crossed  by  a  j:reen  dike,  and  both  having  been 
upheaved  and  injected  by  a  granitic  dome.  One  brick- 
red  porphyry,  which  above  the  Jaula  forms  an  isolated 
mass  in  the  midst  of  the  porphyritic  conglomerate 
formation,  and  lower  down  the  valley  a  magnificent 
group  of  peaked  mountains,  differs  remarkably  from 
all  the  other  porphyries.  It  consists  of  a  red  feldspathic 
base,  including  some  rather  large  crystals'of  red  feldspar, 
numerous  large  angular  grains  of  quartz,  and  little  bits 
of  a  soft  green  mineral  answering  in  most  of  its  charac- 
tiers  to  soap-stone.  The  crystals  of  red  feldspar  resemble 
in  external  appearance  those  of  orthite,  though,  from 
being  partially  decomposed,  I  was  unable  to  measure 
them ;  and  they  certainly  are  quite  unlike  the  variety, 
so  abundantly  met  with  in  almost  all  the  other  rocks  of 
this  line  of  section,  and  which,  wherever  I  tried  it, 
cleaved  like  albite.  This  brick-red  porphyry  appears 
to  have  burst  through  all  the  other  porphyries,  and 
numerous  red  dikes  traversing  the  neighbouring  moun- 
tains have  proceeded  from  it :  in  some  few  places, 
however,  it  was  intersected  by  white  dikes.  From  this 
posteriority  of  intrusive  origin, — from  the  close  general 
reseniblimce  between  this  red  porphyry  and  the  red 
granite  of  the  Portillo  line,  the  only  difference  being 
that  the  feldspar  here  is  less  perfectly  granular,  and 
that  soap-stone  replaces  the  mica,  which  is  there  im- 
perfect and  passes  into  chlorite, — and  from  the  Portillo 
line  a  little  southward  of  this  point  appearing  to  blend 
(according  to  Dr.  Gillies)  into  the  western  ranges, — ^I 
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am  etrongly  ni^ed  to  believe  (as  formerly  remarked) 
that  the  grand  monntaia-massee  composed  of  this  brick- 
red  porphyry  belong  to  the  same  axis  of  injection  with 
the  granite  of  the  Portillo  line :  if  so,  the  injectioit  of 
this  porphyry  probably  took  place,  as  long  subsequently 
to  the  several  axes  of  elevation  in  the  gypeeoaa  forma- 
tion near  the  Cumbre,  as  the  injection  of  the  Portillo 
granite  has  been  shown  to  have  been  subsequent  to  the 
elevatioQ  of  the  gypseous  strata  composing  the  Pen- 
qnenes  range ;  and  this  interval,  we  have  seen,  must 
have  been  a  veiy  long  one. 

The  Plain  of  Uspallata  has  been  brie6y  described 
in  Cbap.  X. ;  it  resembles  the  basin-plains  of  Chile ; 
it  IB  ten  or  fifteen  miles  wide,  and  is  said  to  extend  for 
180  miles  northward;  its  surface  is  nearly  6,000  feet 
above  the  sea;  it  is  composed,  to  a  thickness  of  some 
hundred  feet  of  loosely  aggregated,  stratified  shingle, 
which  is  prolonged  with  a  gently  sloping  surface  np  the 
valleys  in  the  mountains  on  both  sides.  One  section 
in  this  plain  [Z]  is  interesting,  from  the  nnnsnal '  cir- 
cnmstance  of  alternating  layers  of  almost  loose  red  and 
whito  sand  with  lines  of  pebbles  (from  the  size  of  a  nnt 
to  that  of  an  apple),  and  beds  of  gravel,  being  inclined 
at  an  angle  of  45°,  and  in  some  dpots  even  at  a  higher 
angle.  The«e  beds  are  dislocated  by  small  fanlts ;  and 
are  capped  by  a  thick  mass  of  horizontally  stratified 
gravel,  evidently  of  sabaqneons  origin.  Having  been 
accastomed  to  observe  the  irregnlarities  of  beds  accu- 
mulated nnder  cnrrents,  I  feel  sure  that  the  inclination 
here  has  not  been  thns  produced.  The  pebbles  consist 
chiefly  of  the  brick-red  porphyry  just  described  and  of 
white  granite,  both  probably  derived  from  the  rangea 
to  the  west,  and  of  altered  clay-slate  and  of  certain 

<  I  find  that  Ur.  Bmitb,  nf  JordaDblll,  bu  dewribed  (■  Edinbnrgti. 
Kew  Fhll.  Jonni.'To1.iST.p,  392)bediof  ■UId•ndeTaTe1,Dea^EdiJl-- 
bIl^h,  tilted  &t  HI  angle  of  60°,  and  diilooatad  bj  mlniatnie  tanlta 
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porphyries,  apparently  belonging  to  the  rocks  of  the 
Uspallata  chain.  This  plain  corresponds  geographically 
with  the  valley  of  Tennyan  between  the  Portillo  ami 
Peuquenes  ranges  ;  but  in  that  valley  the  shinglei 
which  likewise  has  been  derived  both  from  the  eastern 
and  western  ranges,  has  been  cemented  into  a  hard  con- 
glomerate, and  has  been  throughout  tilted  at  a  con- 
siderable inclination ;  the  gravel  there  apparently  attains 
a  much  greater  thickness,  and  is  probably  of  higher 
antiquity. 

The  UspaUata  Range, — ^The  road  by  the  Villa 
Yicencio  Pass  does  not  strike  directly  across  the  range, 
but  runs  for  some  leagues  northward  along  its  western 
base  :  and  I  must  briefly  describe  the  rocks  here  seen, 
before  continuing  with  the  coloured  east  and  west  section. 
At  the  mouth  of  the  valley  of  Canota,  and  at  several 
points  northwards,  there  is  an  extensive  formation  of  a 
glossy  and  harsh,  and  of  a  feldspathic  clay-slate,  includ- 
ing strata  of  grauwacke,  and  having  a  tortuous,  nearly 
vertical  cleavage,  traversed  by  numerous  metalliferous 
veins  and  others  of  quartz.  The  clay-slate  is  in  many 
parts  capped  by  a  thick  mass  of  fragments  of  the  same 
rock,  firmly  recemented ;  and  both  together  have  been 
injected  and  broken  up  by  very  numerous  hillocks, 
ranging  north  and.  south,  of  lilac,  white,  dark  and 
salmon-coloured  poi-phyries:  one  st^ep,  now  denuded, 
hillock  of  porphyry  had  its  face  as  distinctly  impressed 
with  the  angles  of  a  fragmentary  mass  of  the  slate,  witli 
some  of  the  points  still  remaining  embedded,  as  sealing- 
wax  could  be  by  a  seal.  At  the  mouth  of  this  same 
valley  of  Canota,  in  a  fine  escarpment  having  the  strata 
dipping  from  50°  to  60°  to  the  NE.,*  the  clay-elate 

*  Nearly  opposite  to  this  escarpment,  there  is  another  correspond- 
ing one,  with  the  strata  dipping  not  to  the  exactly  opposite  point,  or 
BW.9  but  to  SSW. :  conscquentlj  the  two  escarpments  trend  toward! 
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formation  is  seen  to  be  covered  by  (let),  a  porple  olay- 
etone  porphyry  reeting  nnconfimDably  in  Bome  parts 
on  the  Bolid  slate,  and  in  others  on  a  thick  fragmentary 
mass :  (2nd),  a  conformable  atratnm  of  compact  blackish 
rock,  baring  a  apheroidal  stmctore,  fiiU  of  minute 
acicnlar  crystals  of  glassy  feldspar,  with  red  spots  of 
oxide  of  iron :  (3rd),  a  great  Btratam  of  parplish-red 
clay-stODO  porphyry,  abonnding  with  crystals  of  opaque 
feldspar,  and  laminated  with  thin,  parallel,  oden  short, 
layers,  and  likewise  with  great  irregnlar  patches  of 
white,  earthy,  eemi-crystalline  feldspar;  this  rock 
(which  I  noticed  in  other  neighbouring  places)  per- 
fectly resembles  a  curions  variety  described  at  Port 
Desire,  and  occasionally  occurs  in  the  great  porphyritic 
conglomerate  formation  of  Chile :  (4th),  a  thin  stratum 
of  greenish-white,  indnrated  tnff,  fusible  and  containing 
broken  crystals  and  particles  of  porphyries:  (5th),  a 
grand  mass,  imperfectly  columnar  and  divided  into 
three  parallel  and  closely  joined  strata,  of -cream- 
coloured  claystone  porphyry :  (6th),  a  thick  stratum  of 
lilac-colonred  porphyry,  which  I  could  see  was  capped 
by  another  bed  of  the  cream>Golonred  variety :  I  was 
unable  to  examine  the  still  higher  parts  of  the  escarp- 
ment. These  conformably  etratiGed  porphyries,  though 
none  are  either  vesicular  or  amygdaloidal,  have  evi- 
dently flowed  as  submarine  lavas:  some  of  them  are 
separated  from  each  other  \s^  seams  of  indurated  tnff, 
which,  however,  are  quite  insignificant  in  thickneos 
compared  with  the  porphyries.  This  whole  pile 
resembles,  bat  not  very  closely,  some  of  the  lees 
brecciated  parts  of  the  great  porphyritio  conglomerate 
fonnation  of  Chile;  but  it  does  not  probably  belong  to 
the  same  age,  as  the  porphyries  here  rest  nnconformably 
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on  the  altered  feldspathic  clay-slate,  whereas  the  por* 
phyritic  conglomerate  formation  alternates  with  and 
rests  conformably  on  it.  These  porphyries,  moreover, 
with  the  exception  of  the  one  blackish  stratum,  and  of 
the  one  indarated,  white  tnfaceons  bed,  differ  from  the 
beds  composing  the  Uspallata  range  in  the  line  of  the 
Villa  Vicencio  Pass. 

I  will  now  give,  first,  a  sketch  of  the  stmctnre  of  the 
range,  as  represented  in  the  coloured  section,  and  will 
then  describe  its  composition  and  interesting  history. 
At  its  western  foot,  a  hillock  [N]  is  seen  to  rise  out  of 
the  plain,  with  its  strata  dipping  at  70°  to  the  west, 
fronted  by  strata  [0]  inclined  at  45°  to  the  east,  thus 
forming  a  little  north  and  south  anticlinal  axis.  Some 
other  little  hillocks  of  similar  composition,  with  their 
strata  highly  inclined,  range  NE.  and  SW.,  obliquely 
to  the  main  Uspallata  line.  The  cause  of  these  dislo* 
cations,  which,  though  on  a  small  scale,  have  been  vio- 
lent and  complicated,  is  seen  to  lie  in  hummocks  of 
lilac;  purple  and  red  porphyries,  which  have  been  in- 
jected in  a  liquefied  state  through  and  into  the  under- 
lying clay-slate  formation.  Several  dikes  were  exposed 
here,  but  in  no  other  part,  that  I  saw  of  this  range. 
As  the  strata  consist  of  black,  white,  greenish,  and 
brown  coloured  rocks,  and  as  the  intrusive  porphyries 
are  so  brightly  tinted,  a  most  extraordinary  view  was 
presented,  like  a  coloured  geological  drawing.  On  the 
gently  inclined  main  western  slope  [P  P],  above  the 
little  anticlinal  ridges  just  mentioned,  the  strata  dip  at 
an  average  angle  of  25°  to  the  west ;  the  inclination  in 
some  places  being  only  10°,  in  some  few  others  as  much 
as  45°.  The  masses  having  these  different  inclinations, 
are  separated  from  each  other  by  parallel  vertical  faults 
[as  represented  at  P  a],  oflen  giving  rise  to  separate, 
parallel,  nniclinal  ridges.     The  summit  of  the  main 
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range  is  broad  and  nndulatory,  vitb  the  Btratificatioa 
nndalatoiy  and  irregular :  in  a  few  places  granitic  and 
porphyritio  masses  [Q]  protnide,  which,  from  the  small 
eSect  they  have  locally  prodaced  in  deranging  the 
strata,  probably  form  the  npper  points  of  a  regular, 
great  oaderlying  dome.  These  denuded  granitic  points, 
I  estimated  at  about  9,000  feet  in  height  above  the  sea. 
On  the  eastern  slope,  the  strata  in  the  npper  part  are 
regularly  inclined  at  abont  25°  to  the  east,  so  that  the 
summit  of  this  chiun,  neglecting  small  irregnlarities, 
forms  a  broad  anticlinal  axis.  Lower  down,  however, 
near  Los  Homillos  [R],  there  is  a  well-marked  synclinal 
axis,  beyond  which  the  strata  are  inclined  at  nearly  the 
same  angle,  namely  from  20°  to  30°,  inwards  or  west- 
ward. Owing  to  the  amount  of  denndation  which  this 
chain  has  saffered,  the  outline  of  the  gently  inclined 
eastern  flank  scarcely  offers  the  slightest  indication  of 
this  synclinal  axis.  The  stratified  beds,  which  we  have 
hitherto  followed  across  the  range,  a  little  farther  down 
are  seen  to  lie,  I  believe  oaconformably,  on  a  broad 
monntaiuons  band  of  clay-slate  and  granwacke.  The 
strata  and  laminae  of  this  latter  formation,  on  the  ex- 
treme eastern  dank,  are  generally  nearly  vertical; 
fhrther  inwards  they  become  inclined  from  ^-S"  to  80° 
to  the  west:  near  Villa  Vicencio  [S]  there  is  apparently 
an  anticlinal  axis,  but  the  stmctare  of  this  oater  port 
of  the  clay-slate  formation  is  so  obscure,  that  I  have  not 
marked  the  planes  of  stratification  in  the  coloured  sec- 
tion. On  the  margin  of  the  Pampas,  some  low,  much 
dislocated  spurs  of  this  same  formation,  project  in  a 
Dortb-easterly  line,  in  the  same  oblique  manner  as  do 
the  ridges  on  the  western  foot,  and  as  is  so  frequently 
the  case  with  those  at  the  base  of  the  main  Cordillera. 

I  will  now  describe  the  nature  of  the  beds,  begin- 
ning at  the  base  on  the  eastern  side.     First,  for  the 
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clay-slate  formation :  the  slate  is  generally  Iiard  and 
blaish,  with  the  lamina  coated  by  minnte  micaceous 
Bcales ;  it  alternates  many  times  with  a  coarse-grained,  • 
greenish  graawacke,  containing  roonded  fragments  of 
quartz  and  bits  of  slate  in  a  slightly  calcareoas  basis. 
The  slate  in  the  upper  part  generally  becomes  purplish, 
and  the  cleavage  so  irregular  that  the  whole  consists 
of  mere  splinters.  Transverse  veins  of  quartz  are 
numerous.  At  the  Calera,  some  leagues  distant,  there 
is  a  dark  crystalline  limestone,  apparently  included  in 
this  formation.  With  the  exception  of  the  grauwacke 
being  here  more  abundant,  and  the  clay-slate  less  altered, 
this  formation  closely  resembles  that  unconformably 
underlying  the  porphyries  at  the  western  foot  of  this 
same  range;  and  likewise  that  alternating  with  the 
porphyritic  conglomerate  in  the  main  Cordillera.  This 
formation  is  a  considerable  one,  and  extends  several 
leagues  southward  to  near  Mendoza:  the  mountains 
composed  of  it  rise  to  a  height  of  about  2,000  feet 
above  the  edge  of  the  Pampas,  or  about  7,000  feet 
above  the  seaJ 

Secondly :  the  most  usual  bed  on  the  clay-slate  is 
a  coarse,  white,  slightly  calcareous  conglomerate,  of  no 
great  thickness,  including  broken  crystals  of  feldspar, 
grains  of  quartz,  and  numerous  pebbles  of  brecciated 
clay-stone  porphyry,  but  without  any  pebbles  of  the 
underlying  clay-slate.  I  nowhere  saw  the  actual  junc- 
tion between  this  bed  and  the  clay-slate,  though  I  spent 
a  whole  day  in  endeavouring  to  discover  their  relations. 
In  some  places  I  distinctly  saw  the  white  conglomerate 
and  overlying  beds  inclined  at  from  25**  to  30**  to  the 
west,  and  at  the  bottom  of  the  same  mountain,  the 
clay-slate  and  grauwacke  inclined  to  the  same  point,  but 

*  I  infer  this  from  the  height  of  Y.  Vicencio,  which  was  asc6r> 
lained  bj  Mr.  Mien  to  be  5,328  feet  above  the  sea. 
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Bt  an  angle  from  70°  to  80° :  in  one  iDstance,  tEe  clay- 
filatfl  dipped  not  only  at  a  diSerent  angle,  but  to  a 
different  point  from  the  overlying  forraation.  In  these 
cases  the  two  formations  certainly  appeared  quite  un- 
conformable :  moroover,  I  foand  in  the  clay-slate  one 
great,  vertical,  dike-like  fissure,  filled  up  with  an  in- 
durated whitish  tuff",  quite  similar  to  some  of  the  upper 
beds  presently  to  be  described  \  and  this  sho'vs  thtit  the 
clay-slate  must  have  been  consolidated  and  dislocated 
before  their  deposition.  On  the  other  hand,  the  strati- 
fication of  the  slate  and  grauwacke,'  in  some  cases  gra- 
dually and  entirely  disappeared  in  approaching  the 
overlying  white  conglomerate;  in  other  cases  the 
stratification  of  the  two  formations  became  strictly  con- 
formable; and  again  in  other  cases,  there  was  some 
tolerably  well  characterised  clay-slate  lying  above  the 
conglomerate.  The  most  probable  conclusion  appears 
to  be,  that  after  the  clay-slate  formation  had  beeu  dis- 
located and  tilted,  but  whilst  under  the  sea,  a  fresh  and 
more  recent  deposition  of  clay-slate  took  place,  on  which 
the  white  conglomerate  was  conformably  deposited,  with 
here  and  there  a  thin  intercalated  bed  of  clay-slate.  On 
this  view  the  white  conglomerates  and  the  presently  to 
be  described  tuffs  and  lavaa  are  really  unconformable 
to  the  main  part  of  the  clay-slate ;  and  this,  as  we  have 
seen,  certainly  is  the  case  with  the  clay-stone  lavaa  in 
the  valley  of  Ca&ota,  at  the  westera  and  opposite  base 
of  the  range. 

Thirdly :  on  the  white  conglomerate,  strata  several 

'  Theooarie,  mechBTiicalBtmctareof  maargramrackflnhaBalwaya 
appeared  10  me  a  difficulty;  for  the  teitore  of  the  (usooiated  claj- 
l^e  and  the  nature  of  tlie  embedded  organic  remaina  where  pnaent, 
IndioaU  that  the  whole  hmt  been  a  deep-naler  deposit  Whence  have 
the  tometimei  included  angular  fragments  of  clay-alate,  and  the 
toimded  raawee  of  qiurti  and  oth^  rocki,  been  derived  r  Ma»j 
deep-watu  limeFtoDea,  it  is  well  known,  have  becDbrecciated.anJ 
then  txn&j  recemented. 
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himdred  feet  in  thickness  are  soperimpoBed,  Tmrjring 
much  in  nature  in  short  distances:  the  oommonesi 
▼arietf  is  a  white,  much  indurated  tuff,  sometimes 
sli^tly  calcareoas,  with  fermginons  spots  and  water- 
lines,  often  passing  into  whitish  or  purplish  compact, 
fine-grained  grit  or  sandstones ;  other  varieties  become 
semi-porcellanic,  and  tinted  faint  green  or  blue;  others 
pass  into  an  indurated  shale :  most  of  these  varieties 
are  easilv  fusible. 

Fourthly :  a  bed,  about  100  feet  thick,  of  a  compact, 
partially  columnar,  pale-gray,  feldspathic  lava,  stained 
with  iron,  including  very  numerous  crystals  of  opaque 
feldspar,  and  with  some  crystallised  and  disseminated 
calcareous  matter.  The  tufaceous  stratum  on  which 
this  f«;ld.sp;ithic  lava  rests  is  much  hardened,  stained 
puqjie,  and  has  a  spherico-concretionary  structure; 
it  here  contains  a  good  many  pebbles  of  clay-stone 
porphyry. 

Fifthly :  thin  beds,  400  feet  in  thickness,  varying 
much  in  nature,  consisting  of  white  and  ferruginous 
tufTs,  in  some  parts  having  a  concretionary  structure,  in 
others  containing  rounded  grains  and  a  few  pebbles  of 
quartz;  also  passing  into  hard  gritstones  and  into 
greenish  mudstones :  there  is,  also,  much  of  a  bluish- 
gray  and  green  semi-porcellanic  stone. 

Sixthly :  a  volcanic  stratum,  250  feet  in  thickness, 
of  so  varying  a  nature  that  I  do  not  believe  a  score  of 
specimens  would  show  all  the  varieties ;  much  is  highly 
amygdaloidal,  much  compact;  there  are  greenish, 
blackish,  purplish,  and  gray  varieties,  rarely  including 
crystals  of  green  augite  and  minute  acicular  ones  of 
feldspar,  but  often  crystals  and  amygdaloidal  masses  of 
wliit^,  red,  and  black  carbonate  of  lime.  Some  of  the 
blackish  varieties  of  this  rock  have  aconchoidal  fracture 
and  resemble  basalt :  others  have  an  irregular  fracture. 
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Some  of  the  gray  aod  purplish  yarietiea  are  thickly 
Bpeckled  with  green  earth  and  with  white  crystaUjiie 
carbonate  of  lime;  others  are  largel;  amygdaloidal  with 
green  earth  and  calcareoua  spar.  Again,  other  earthy 
varieties  of  greenish,  purpHab  and  gray  tints,  contain 
much  iron,  and  are  almost  half-composed  of  amygdaloidal 
balls  of  dark  brown  bole,  of  a  whitbh  indurated  feld> 
spathic  matter,  of  bright  green  earth,  of  agate,  and  of 
black  and  white  crystallised  carbonate  of  lime.  All  these 
varieties  are  easily  fusible.  Viewed  from  a  distance, 
the  line  of  junction  with  the  nnderlying  semi-porcel- 
lanic  strata  was  distinct;  but  when  examined  closely, 
it  was  impossible  to  point  out  within  a  foot  where  the 
lava  ended  and  where  the  sedimentary  mass  began:  the 
lock  at  the  time  of  junction  was  in  most  places  hard,  of 
a  bright  green  colour,  and  abounded  with  irr^nlar 
amygdaloidal  masses  cX  ferruginous  and  pure  calcareoua 
spar,  and  of  ^ate. 

Seventhly :  strata,  eighty  feet  in  thickness,  of  various 
indurated  tuSs,  aa  before ;  many  of  the  varieties  hare  a 
fine  basis  including  rather  coarse  extraneous  particles; 
some  of  them  are  compact  and  semi-porcellanic,  and 
include  vegetable  impressions. 

Eighthly :  a  bed,  about  fifly  feet  thick,  of  greenish- 
gray,  compact,  feldapathic  lava,  with  numerous  small 
crystals  of  opaque  feldspar,  black  augite,  and  oxide  of 
iron.  The  junction  with  the  bed  on  which  it  rested, 
was  ill  defined;  balls  and  masses  of  the  feldapatbio 
rock  being  enclosed  in  much  altered  tuff. 

Ninthly :  indurated  tufis,  as  before. 

Tentbly:  a  conformable  layer,  leas  than  two  feet 
in  thickness,  of  pitchstone,  generally  brecciated,  and 
traversed  by  reins  of  agate  and  of  carbonate  of  lime : 
parts  are  composed  of  apparently  concretionary  frag- 
ments of  a  more  perfect  variety,  arranged  in  horizontal 
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lines  in  a  less  perfectly  characterised  variety.  I  have 
mnph  difficulty  in  believing  that  this  thin  layer  of 
pitchstone  flowed  as  lava. 

Eleventhly:  sedimentary  and  tnfaceoos  beds  as 
before,  passing  into  sandstone,  including  some  con- 
glomerate :  the  pebbles  in  the  latter  are  of  clay-stone 
porphyry,  well  rounded,  and  some  as  large  as  cricket- 
balls. 

Twelfthly :  a  bed  of  compact,  sonorous,  feldspathio 
lava,  like  that  of  bed  No.  8,  divided  by  numerous  joints 
into  large  angular  blocks. 

Thirteenthly :  sedimentary  beds  as  before.  Fonp- 
teenthly:  a  thick  bed  of  greenish  or  grayish  black, 
compact  basalt  (fusing  into  a  black  enamel),  with  small 
crystals,  occasionally  distinguishable,  of  feldspar  and 
augite:  the  junction  with  the  underlying  sedimentary 
bed,  differently  from  that  in  most  of  the  foregoing 
streams,  here  was  quite  distinct : — the  lava  and  tufaceous 
matter  preserving  their  perfect  characters  within  two 
inches  of  each  other.  This  rock  closely  resembles 
certain  parts  of  that  varied  and  singular  lava-stream 
No.  6 ;  it  likewise  resembles,  as  we  shall  immediately 
see,  many  of  the  great  upper  beds  on  the  western  flank 
and  on  the  summit  of  this  range. 

The  pile  of  strata  here  described  attains  a  g^eat 
thickness ;  and  above  the  last-mentioned  volcanic  stra- 
tum, there  were  several  other  great  tufaceous  beds 
alternating  with  submarine  lavas,  which  I  had  not  time 
to  examine ;  but  a  corresponding  series,  several  thou- 
sand feet  in  thickness,  is  well  exhibited  on  the  crest 
ttnd  western  flank  of  the  range.  Most  of  the  lava- 
streams  on  the  western  side  are  of  a  jet-black  colour 
and  basaltic  nature;  they  are  either  compact  and 
fine-grained,  including  minute  crystals  of  augite  and 
feldspar,  or  they  are  coarse-grained  and  abound  with 
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rather  large  coppery-brown  crystals  of  &n  aagitic  min&- 
ral.i  Another  variety  was  of  a  dull-red  colour,  having 
a  clay-stone  brecciated  basis,  including  spocka  of  oxide 
of  iron  and  of  calcareous  apar,  and  amygdaloidal  with 
green  earth:  there  were  apparently  several  other 
varieties.  These  submarine  lavas  often  exhibit  a  Bphe- 
roidal,  and  sometimea  an  imperfect  columnar  structure : 
their  upper  junctions  are  much  more  clearly  defined 
than  their  lower  janctions ;  but  the  latter  are  not  so 
mnch  blended  into  the  underlying  sedimentary  beds  aa 
is  the  case  in  the  eastern  fiank.  On  the  crest  and  wesU 
em  flank  of  the  range,  the  streams,  viewed  as  a  whole, 
are  mostly  basaltic ;  whilst  those  on  the  eastern  side, 
which  stand  lower  in  the  series,  are,  as  we  have  seen, 
mostly  feldepathio.    , 

The  sedimentary  strata  alternating  with  the  lavas 
on  the  crest  and  western  side,  are  of  an  almost  infinitely 
varying  nature ;  but  a  large  proportion  of  them  closely 
resemble  those  already  descrilwd  on  the  eastern  flank ; 
there  are  white  and  brown,  indurated,  easily  fusible 
tufb, — some  passing  into  pale  blue  and  green  semi- 
porcellanic  rocks, — others  into  brownish  and  purplish 
sandstones  and  gritstonea,  often  including  grains  of 
qoartz, — others  into  mndstone  containing  broken  crys- 
tals and  particles  of  rock,  and  occasionally  single  large 
pebbles.  There  waa  one  stratum  of  a  bright  red,  coarse, 
volcanic  gritstone ;  another  of  conglomerate ;  another 
of  a  black,  indurated,  carbonaceous  shale  marked  with 
imperfect  vegetable  impressions ;  this  latter  bed,  which 
was  thin,  rested  on  a  submarine  lava,  and  followed  all 
the  considerable  inequalities  of  its  upper  surface.  Mr. 
Miers  statea  that  coal  has  been  found  in  this  range. 
Lastly,  there  was  a  bed  (like  No.  10  on  the  eastern  flaidc) 
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evidently  of  sedimentary  origin,  and  remarkable  from 
closely  approaching  in  character  to  an  imperfect  pitch- 
stone,  and  from  including  extremely  thin  layers  of  perfect 
pitchstone,  as  well  as  nodules  and  irregular  fragments 
(but  not  resembling  extraneous  fragments)  of  this  same 
rock  arranged  in  horizontal  lines  :  I  conceive  that  this 
bed,  which  is  only  a  few  feet  in  thickness,  must  have 
assumed  its  present  state  through  metamorphic  and 
ooncretionary  action.  Most  of  these  sedimentary  strata 
are  much  indurated,  and  no  doubt  have  been  partially 
metamorphosed:  many  of  them  are  extraordinarily 
heavy  and  compact ;  others  have  agate  and  crystalline 
^carbonate  of  lime  disseminated  throughout  them. 
Some  of  the  beds  exhibit  a  singular  concretionary  ar- 
rangement, with  the  curves  determined  by  the  lines  of 
fissure.  There  are  many  veins  of  agate  and  calcareous 
spar,  and  innumerable  ones  of  iron  and  other  metals, 
which  have  blackened  and  curiously  affected  the  strata 
to  considerable  distances  on  both  sides. 

Many  of  these  tufaceous  beds  resemble,  with  the 
exception  of  being  more  indurated,  the  upper  beds  of 
the  great  Patagonian  Tertiary  formation,  especially 
those  variously  coloured  layers  high  up  the  river  Santa 
Cruz,  and  in  a  remarkable  degree  the  tufaceous  forma- 
tion at  the  northern  end  of  Cbiloe.  I  was  so  much 
struck  with  this  resemblance,  that  I  particularly  looked 
out  for  silicified  wood,  and  found  it  under  the  following 
extraordinary  circumstances.  High  up  on  this  western 
dauk,^  at  a  height  estimated  at  7,000  feet  above  the 

*  For  the  information  of  any  future  traveller,  I  will  describe  the 
spot  in  detaiL  Proceeding  eastward  from  the  Agua  del  Zorro,  and 
afterwards  leaving  on  the  north  side  of  the  road  a  rancho  atta[ched 
to  some  old  gold-mines,  you  pass  through  a  gully  with  low  but  steep 
rocks  on  each  hand :  the  road  then  bends,  and  the  ascent  becomes 
steeper.  A  few  hundred  yards  farther  on,  a  stone*s  throw  on  the 
south  side  of  the  road,  the  white  calcareous  stumps  may  be  leeik 
The  spot  Ib  about  half  a  mile  east  of  the  Agua  del  Zone. 
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sea,  in  a  broken  escarpmeat  of  thin  strata,  composed  of 
compact  green  gritstone  passing  into  a  fine  mndstone, 
and  alternating  with  layers  of  coarser,  brownish,  very 
heavy  mndstone  including  broken  crystals  and  particles 
of  rock  almost  blended  together,  I  counted  the  stnmps 
of  fifty-two  trees.  They  projected  between  two  and 
five  feet  above  the  ground,  and  stood  at  exactly  right 
angles  to  the  strata,  which  were  here  inclined  at  an 
angle  of  about  25°  to  the  west.  Eleven  of  these  trees 
were  ailicified  and  well  preserved :  Mr.  B.  Brown  has 
been  so  kind  as  to  examine  the  wood  when  sliced  and 
polished;  he  saya  it  is  coniferoos,  partaking  of  the 
characters  of  the  Araucarian  tribe,  with  some  cnrions 
points  of  affinity  with  the  Yew.  The  bark  round  the 
trunks  must  have  been  circularly  furrowed  with  irrega< 
lar  lines,  for  the  mndstone  round  them  is  thus  plainly 
marked.  One  cast  consisted  of  dark  argillaceous  lime* 
stone ;  and  forty  of  them  of  coarsely  crystallised  car- 
bonate of  lime,  with  cavities  lined  by  quartz  crystals : 
these  latter  white  calcareous  columns  do  not  retain  any 
internal  structure,  but  their  external  form  plainly  shows 
their  origin.  All  the  stnmps  have  newly  the  same 
diameter,  vaijing  irom  one  foot  to  eighteen  inches; 
some  of  them  stand  within  a  yard  of  each  other;  they 
are  grouped  in  a  clump  within  a  space  of  about  sixty 
yards  across,  with  a  few  scattered  round  at  the  distance 
of  150  yards.  They  all  stand  at  about  the  same  level. 
The  longest  stump  stood  seven  feet  ont  of  the  ground : 
the  roots,  if  they  are  still  preserved,  are  buried  and 
concealed.  No  one  layer  of  the  mndstone  appeared 
much  darker  than  the  others,  as  if  it  had  formerly  ex- 
isted as  soil,  nor  could  this  be  expected,  for  the  same 
agents  which  replaced  with  silex  and  lime  die  wood  of 
die  trees,  would  naturally  hare  removed  all  vegetable 
matter  &om  the  soil.     Besidas  the  fifty-two  npright 
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trees,  there  were  a  few  firagments,  like  broken  brancheo^ 
horizontally  embedded.  The  snrroonding  strata  are 
crossed  by  veins  of  carbonate  of  lime,  agate,  and  oxide 
of  iron ;  and  a  poor  gold  vein  has  been  worked  not  fieir 
from  the  trees. 

The  green  and  brown  mndstone  beds  indnding  the 
trees,  are  conformably  covered  by  mnch  indurated, 
compact,  white  or  ferraginoas  tn£&,  which  pass  upwards 
into  a  fine-grained,  parplish  sedimentary  rock :  these 
strata,  which,  together,  are  from  400  to  500  feet  in 
thickness,  rest  on  a  thick  bed  of  snbmarine-lava,  and 
are  conformably  covered  by  another  great  inass  of  fine- 
grained basal t,'  which  I  estimated  at  1,000  feet  in  thick- 
ness, and  which  probably  has  been  formed  by  more  than 
one  stream.  Above  this  mass  I  could  clearly  distin- 
guish five  conformable  alternations,  each  several  hun- 
dred feet  in  thickness,  of  stratified  sedimentary  rocks 
and  lavas,  such  as  have  been  previously  described. 
Certainly  the  upright  trees  have  been  buried  under 
several  thousand  feet  in  thickness  of  matter,  accumu- 
lated under  the  sea.  As  the  trees  obviously  must  once 
have  grown  on  dry  land,  what  an  enormous  amount  of 
subsidence  is  thus  indicated !  Nevertheless,  had  it  not 
been  for  the  trees  there  was  no  appearance  which  would 
have  led  any  one  even  to  have  conjectured  that  these 
strata  had  subsided.  As  the  land,  moreover,  on  which 
the  trees  grew,  is  formed  of  subaqueous  deposits,  of 
nearly  if  not  quite  equal  thickness  with  the  superin- 
cumbent strata,  and  as  these  deposits  are  regularly 
stratified  and  fine-grained,  not  like  the  matter  thrown 
up  on  a  sea-beach,  a  previous  upward  movement,  aided 

*  This  rook  is  qnite  black,  and  fuses  into  a  black  bead,  attracted 
strongly  by  the  magnet ;  it  breaks  with  a  conchoidal  fractnre ;  the 
included  crystals  of  augite  are  distinguishable  by  the  naked  eye,  bat 
are  not  perfect  enough  to  be  measured :  there  are  many  mimita 
adcular  oryitals  of  glassy  feldspar. 
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DO  doubt  bjr  the  great  accnmnlation  of  lavas  and  sedi- 
meat,  is  also  indicated.' 

In  nearly  the  middle  of  the  range,  there  are  some 
hills  [Q],  before  alluded  to,  formed  of  a  kind  of  granite 
externally  resembling  andesite,  and  consisting  of  a 
white,  imperfectly  granular,  feldspathic  basis,  iacluding 
some  perfect  crystals  apparently  of  albite  (but  I  was 
onable  to  measnre  them),  much  black  mica,  epidote  in 
veins,  and  very  little  or  no  quartz.  Nnmerons  small 
veinB  branch  from  this  rock  into  the  snrronnding 
strata;  and  it  is  a  Bingular  fact  that  these  veins,  thongh 
composed  of  the  same  kind  of  feldspar  and  small  scales 
of  mica  as  in  the  solid  rock,  abound  with  innumerable 
minute  roujided  grains  of  quartz  ;  in  the  veins  or  dikes 
also,  branching  &om  the  great  granitic  axis  in  the  pen- 
insula of  Tres  Montes,  I  observed  that  quartz  was  more 
abundant  in  them  than  in  the  main  rock :  I  have  heard 
of  other  analogous  cases:  can  we  account  for  this  fact, 
by  the  long-continned  vicinity  of  quartz  *  when  cooling, 
I  At  first  I  imagined,  that  ths  strata  irith  the  trees  might  have 
been  aocumalatcd  !□  a  lake :  bat  this  seems  highly  improbable ;  for, 
tiTBt,  a  very  deep  lake  was  neceasaiy  to  receive  (he  matrer  below  tbo 
trees,  then  it  most  have  been  drained  for  their  growth,  and  afterwaida 
Te-formed  and  loade  profoaudly  deep,  so  ai  lo  lecelve  a  Bnbeeqaent 
accumulation  of  matter  tereral  tlunitind  feet  in  thickness.  And  all 
this  mast  have  taken  place  necessaril;  before  the  formation  of  the 
Uspallata  range,  and  therefore  on  themarginof  the  wide  level  ei  pause 
of  the  Pampas  t  Beace  I  conclude,  that  it  is  infiDitelj  more  probable 
that  the  strata  were  accamulaCed  under  the  sea :  tlie  vast  amount  of 
denadfition,  moreover,  which  this  range  has  suffered,  as  shown  bj  the 
wide  vallejB,  b;  the  exposure  of  the  very  trees  and  by  other  appear- 
anccB,  could  hare  been  effect  ed,Iconceive,  only  by  the  long-coatioaed 
action  of  the  sea;  and  this  shows  that  Che  range  was  either  upheaved 
from  under  the  sea.  or  subsequently  let  down  into  it.  From  the 
natural  manner  in  which  the  stumps  (HIty-two  in  aanibei')tae grouped 
in  a  elamp,  and  from  their  all  standing  vertically  to  the  strata,  it  is 
superfluous  to  speculate  on  the  chance  of  the  trees  having  been  drifted 
from  adj  lining  land,  and  deposited  npright :  I  may,  however,  mention 
that  the  late  Dr.  MatcolniHoa  assured  me,  that  he  onoe  met  in  the 
Indian  Ocean,  fifty  miles  from  Und,  several  coooa-nut  trees  floating 
upright,  owiDg  to  tbeir  roots  being  loaded  with  eaith. 

■  See  a  paper  by  M.  Blie  de  Beaumont,  *6oa  Philomath.'  Mar, 
1SS9  (•  LiDstltnt,'  1S39,  p.  181> 
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and  by  its  baving  been  thus  more  easily  sucked  into 
fissures  than  tbe  other  constituent  minerals  of  granite. 
The  strata  encasing  the  flanks  of  these  granitic  or 
andesitic  masses,  and  forming  a  thick  cap  on  one  of 
their  summits,  appear  originally  to  have  been  of  the 
same  tufaceous  nature  with  the  beds  already  described, 
but  they  are  now  changed  into  porcellanic,  jaspery,  and 
crystalline  rocks,  and  into  others  of  a  white  colour  with 
a  harsh  texture,  and  having  a  siliceous  aspect,  though 
really  of  a  feldspathic  nature  and  fusible.  Both  the 
granitic  intrusive  masses  and  the  encasing  strata  are 
penetrated  by  innumerable  metallic  veins,  mostly  ferru- 
ginous and  auriferous,  but  some  containing  copper- 
pyrites  and  a  few  silver :  near  the  veins,  the  rocks  are 
blackened  as  if  blasted  by  gunpowder.  The  strata  are 
only  slightly  dislocated  close  round  these  hills,  and 
hence,  perhaps,  it  may  be  inferred  that  the  granitic 
masses  form  only  the  projecting  points  of  a  broad 
continuous  axis-dome,  which  has  given  to  the  upper 
parts  of  this  range  its  anticlinal  structure. 

Concluding  Remarks  on  the  Uspallata  Range. — I 
will  not  attempt  to  estimate  the  total  thickness  of  the 
pile  of  strata  forming  this  range,  but  it  must  amount 
to  many  thousand  feet.  The  sedimentary  and  tufaceous 
beds  have  throughout  a  general  similarity,  though  with 
infinite  variations.  The  submarine  lavas  in  the  lower 
part  of  the  series  are  mostly  feldspathic,  whilst  in  the 
upper  part,  on  the  summit  and  western  flank,  they  are 
mostly  basaltic.  We  are  thus  reminded  of  the  relative 
position  in  most  recent  volcanic  districts  of  the  trachy- 
tic  and  basaltic  lavas, — the  latter  from  their  greater 
weight  having  .sunk  to  a  lower  level  in  the  earth's 
crust,  and  having  consequently  been  erupted  at  a  later 
period  over  the  lighter  and  upper  lavas  of  the  trachytic 
Beries.'     Both  the  basaltic  and  feldspathic  submarine 

I  See  on  this  subject  Chapter  YI. 
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Btreams  are  very  compact;  none  being  veEicnlar,  and 
only  a  few  amygdaloidal :  the  efltecta  which  some  of 
them,  especially  those  low  in  the  seriee,  have  produced 
on  the  tufaceous  beds  over  which  they  have  flowed  is 
highly  curious.  Independently  of  this  local  meta- 
murphic  action,  all  the  strata  undoubtedly  display  an 
indurated  and  altered  character ;  and  all  the  rocka  of 
this  range — the  lavas,  the  alternating  sedimenta,  the 
intrusive  granite  and  porphyries,  and  the  underlying 
clay-slate — are  intersected  by  metalliferous  veins.  The 
lava-strata  can  often  be  seen  extending  for  great  dis- 
tances, conformably  with  the  under-  and  over-lying 
beds ;  and  it  was  obvious  that  they  thickened  towai-ds 
the  west.  Hence  the  points  of  eruption  must  have  been 
situated  westward  of  the  present  range,  in  the  direction 
of  the  main  Cordillera:  as,  however,  the  ilanks  of  the 
Cordillera  are  entirely  composed  of  various  porphyries, 
chiefly  claystone  and  greenstone,  some  intrusive,  and 
others  belonging  to  the  porphyritic  conglomerate  for- 
mation, but  all  quite  unlike  these  submarine  lava- 
Btreams,  we  must  in  all  probability  look  to  the  plain  of 
Uspallata  for  the  now  deeply  buried  points  of  eruption. 
Comparing  our  section  of  the  Uspallata  range  with 
that  of  the  Oumbre,  we  see,  with  the  exception  of  the 
underlying  clay-  slate,  and  perhaps  of  the  intrusive  rocks 
of  the  axes,  a  striking  dissimilarity  in  the  strata  com- 
posing them.  The  great  porphyritic  conglomerate 
formation  has  not  extended  as  far  as  this  range ;  nor 
have  we  here  any  of  the  gypseous  strata,  the  magnesian 
aud  other  limestones,  the  red  sandstones,  the  siliceou!! 
beds  with  pebbles  of  quartz,  and  comparatively  little  of 
the  conglomerates,  all  of  which  form  such  vast  masses 
over  the  basal  series  in  the  main  Cordillera.  On  the 
other  hand,  in  the  Cordillera,  we  do  not  find  those  end- 
less varieties  of  indurated  tufb,  with  their  nnmennu 
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veins  and  concretionary  arrangement,  and  those  grit 
and  mud  stones,  and  singular  semi-porcellanic  rocka, 
so  abundant  in  the  Uspallata  range.  The  submarine 
lavas,  also,  differ  considerably ;  the  feldspathic  streams 
of  the  Cordillera  contain  much  mica,  which  is  absent  in 
those  of  the  Uspallata  range :  in  this  latter  range  we 
have  seen  on  how  grand  a  scale,  basaltic  lava  has  been 
poured  forth,  of  which  there  is  not  a  trace  in  the 
Cordillera.  This  dissimilarity  is  the  more  striking, 
considering  that  these  two  parallel  chains  are  separated 
by  a  plain  only  between  ten  and  fifteen  miles  in  width ; 
and  that  the  Uspallata  lavas,  as  well  as  no  doubt  the 
alternating  tufaceous  beds,  have  proceeded  from  the 
west,  from  points  apparently  between  the  two  ranges. 
To  imagine  that  these  two  piles  of  strata  were  con- 
temporaneously deposited  in  two  closely  adjoining,  very 
deep,  submarine  areas,  separated  from  each  other  by 
a  lofty  ridge,  where  a  plain  now  extends,  would  be  a 
gratuitous  hypothesis.  And  had  they  been  contempo- 
raneously deposited,  without  any  such  dividing  ridge, 
surely  some  of  the  gypseous  and  other  sedimentary 
matter  forming  such  immensely  thick  masses  in  the 
Cordillera,  would  have  extended  this  short  distance 
eastwards ;  and  surely  some  of  the  Uspallata  tuffs  and 
basalts  also  accumulated  to  so  great  a  thickness,  would 
have  extended  a  little  westward.  Hence  I  conclude, 
that  it  is  far  more  probable  that  these  two  series  are 
not  contemporaneous ;  but  that  the  strata  of  one  of  the 
chains  were  deposited,  and  even  the  chain  itself  uplifted, 
before  the  formation  of  the  other : — which  chain,  then, 
is  the  oldest  ?  Considering  that  in  the  Uspallata  range 
the  lowest  strata  on  the  western  flank  lie  unconforma- 
bly  on  the  clay-slate,  as  probably  is  the  case  with  those 
on  the  eastern  flank,  whereas  in  the  Cordillera  all  the 
overlying  strata  lie  conformably  on  this  formation  :-^ 
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considering  that  in  the  Uspallata  raDge  eome  of  the 
beds,  both  low  dotra  and  high  np  in  the  series,  are 
marked  with  vegetable  impressions,  showing  the  con- 
tinned  existence  of  neighbouring  land; — considering 
the  close  general  resemUance  between  tlje  deposits  of 
this  range  and  those  of  tertiary  origin  in  several  pafla 
of  the  continent; — and  lastly,  even  considering  the 
leaser  height  .and  ontlying  position  of  the  Uspallata 
range, — I  conclude  that  the  strata  composing  it  are  in 
all  probability  of  snbsequent  origin,  and  that  they  were 
accumulated  at  a  period  when  a  deep  sea  studded  with 
Bubmarine  volcanos  washed  the  eastern  base  of  the 
already  partially  elevated  Cordillera. 

This  conclusion  is  of  much  importance,  for  we  have 
seen  that  in  the  Cordillera,  during  the  deposition  of 
the  Neocomian  strata,  the  bed  of  the  sea  must  have 
subsided  many  thousand  feet :  we  now  learn  thut  a(^.  a 
later  period  an  adjoining  area  first  received  a  great 
accumulation  of  strata,  and  was  upheaved  into  land  on 
which  coniferous  trees  grew,  and  that  this  area  then 
subsided  several  thousand  feet  to  receive  the  superin- 
cumbent submarine  strata,  afterwards  being  broken  up, 
denuded,  and  elevated  in  mass  to  its  present  height.  I 
am  strengthened  in  this  conclusion  of  there  having 
been  two  distinct,  great  periods  of  subsidence,  by 
reflecting  on  the  thick  mass  of  coarse  stratilied  conglo- 
merate in  the  valley  of  Tenuyan,  between  the  Peuquenes 
and  Portilio  lines  ;  for  the  accumolfltion  of  this  mass 
seems  to  me,  as  previously  remarked,  almost  necessarily 
to  have  required  a  prolonged  subsidence ;  and  this 
subsidence,  from  the  pebbles  in  the  conglomerate  having 
been  to  a  great  extent  derived  from  the  gypseous  or 
Neocomian  strata  of  the  Peuqnenes  line,  we  know  mast 
have  been  quite  distinct  from,  and  subsequent  to,  that 
sinking  movement  which  probably   accompanied    the 
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deposition  of  the  Peuquenes  strata,  and  which  certainly 
accompanied  the  deposition  of  the  equivalent  beds  near 
the  Paente  del  Inca,  in  this  line  of  section. 

The  Uspallata  chain  corresponds  in  geographical 
position,  though  on  a  small  scale,  with  the  Portillo  line ; 
and  its  clay-slate  formation  is  probably  the  equivalent 
of  the  mica-schist  of  the  Portillo,  there  metamorphosed 
by  the  old  white  granites  and  syenites.  The  coloured 
beds  under  the  conglomerate  in  the  valley  of  Tenuyan, 
of  which  traces  are  seen  on  the  crest  of  the  PortUlo, 
and  even  the  conglomerate  itself,  may  perhaps  be 
synchronous  with  the  tufaceous  beds  and  submarine 
lavas  of  the  Uspallata  range  ;  an  open  sea  and  volcanic 
action  in  the  latter  case,  and  a  confined  channel  between 
two  bordering  chains  of  islets  in  the  former  case,  having 
been  sufficient  to  account  for  the  mineralogical  dissimi- 
larity of  the  two  series.  From  this  correspondence 
between  the  Uspallata  and  Portillo  ranges,  perhaps  in 
age  and  certainly  in  geographical  position,  one  is 
tempted  to  consider  the  one  range  as  the  prolongation 
of  the  other  ;  but  their  axes  are  formed  of  totally  diffe- 
rent intrusive  rocks  ;  and  we  have  traced  the  apparent 
continuation  of  the  rod  granite  of  the  Portillo  in  the 
red  porphyries  diverging  into  the  main  Cordillera. 
Whether  the  axis  of  the  Uspallata  range  was  injected 
before,  or,  as  perhaps  is  more  probable,  after  that  of 
the  Portillo  line,  I  will  not  pretend  to  decide ;  but  it 
is  well  to  remember  that  the  highly  inclined  lava- 
streams  on  the  eastern  flank  of  the  Portillo  line,  prove 
that  its  angular  upheavement  was  not  a  single  and 
sudden  event ;  and  therefore  that  the  anticlinal  eleva- 
tion of  the  Uspallata  range  may  have  been  contempo- 
raneous with  some  of  the  later  angular  movements  by 
which  the  gigantic  Portillo  range  gained  its  present 
height  above  the  adjoining  plain. 
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Cordillera,     Conclusion^ 

Valpa/raiso  to  Coquirnbo. — 1  have  already  described 
the  general  nature  of  the  rocks  in  the  low  country  north 
of  Valparaiso,  consisting  of  granites,  syenites,  green- 
stones, and  altered  feld  spathic  clay-slate.  Near  Coquimbo 
there  is  much  hornblendic  rock  and  various  dusky- 
coloured  porphyries.  I  will  describe  only  one  section 
in  this  district,  namely,  from  near  Illapel  in  a  NE.  line 
to  the  mines  of  Los  Homos,  and  thence  in  a  north  by 
east  direction  to  Combarbala,  at  the  foot  of  the  main 
Cordillera. 

Near  Illapel,  after  passing  for  some  distance  over 
granite,  andesite,  and  andesitic  porphyry,  we  come  to 
a  greenish  stratified  feldspathic  rock,  which  I  believe 
18  altered  clay-slate,  conformably  capped  by  porphyries 
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and  porphyritic  conglomerate  of  great  thickness,  dip- 
ping at  an  average  angle  of  20**  to  NE.  by  N.  The 
uppermost  beds  consist  of  conglomerates  and  sandstone 
only  a  little  metamorphosed,  and  conformably  covered 
by  a  gypseous  formation  of  very  great  thickness,  but 
much  denuded.  This  gypseous  formation,  where  first 
met  with,  lies  in  a  broad  valley  or  basin,  a  little  south- 
ward of  the  mines  of  Los  Homos :  the  lower  half  alone 
contains  gypsum,  not  in  great  masses  as  in  the  Cordillera, 
but  in  innumerable  thin  layers,  seldom  more  than  an 
inch  or  two  in  thickness.  The  gypsum  is  either  opaque 
or  transparent,  and  is  associated  with  carbonate  of  lime. 
The  layers  alternate  with  numerous  varying  ones  of  a 
calcareous  clay-shale  (with  strong  aluminous  odour, 
adhering  to  the  tongue,  easily  fusible  into  a  pale  green 
glass),  more  or  less  indurated,  either  earthy  and  cream 
coloured,  or  greenish  and  hard.  The  more  indurated 
varieties  have  a  compact,  homogeneous  almost  crystal* 
line  fracture,  and  contain  granules  of  crystallised  oxide 
of  iron.  Some  of  the  varieties  almost  resemble  hone- 
stones.  There  is  also  a  little  black,  hardly  fusible, 
siliceo-calcareous  clay-slate,  like  some  of  the  varieties 
alternating  with  gypsum  on  the  Peuquenes  range. 

The  upper  half  of  this  gypseous  formation  is  mainly 
formed  of  the  same  calcareous  clay-shale  rock,  but 
without  any  gypsum,  and  varying  extremely  in  nature : 
it  passes  from  a  soft,  coarse,  earthy,  ferruginous  state, 
including  particles  of  quartz,  into  compact  clay-stones 
with  crystallised  oxide  of  iron, — into  porcellanic  layers, 
alternating  with  seams  of  calcareous  matter, —  and  into 
green  porcelain-jasper  excessively  hard,  but  easily 
fusible.  Strata  of  this  nature  alternate  with  much 
black  and  brown  siliceo-calrareous  slate,  remarkable 
from  the  wonderful  number  of  huge  embedded  logs  of 
silicified  wood.    This  wood,  according  to  Air.  R.  Brown, 
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13  (jndgiDg  from  several  specimenB)  all  coniferoua. 
Some  of  the  layers  of  the  black  siliceona  slate  contained 
irregular  angular  fragmenta  of  imperfect  pitchatone, 
wHcli  I  believe,  as  in  the  Uepallata  range,  has  origin- 
ated in  a  metamorpliic  process.  There  was  one  bed  of 
a  marly  tnfaceous  nature,  and  of  little  epeciiic  gravity. 
Veins  of  agate  and  calcareous  spar  are  numerous.  The 
whole  of  this  gypseous  formation,  especially  the  upper 
half,  has  been  injected,  metamorphosed,  and  locally 
contorted  by  numerous  killocka  of  intrusive  porphyries 
crowded  together  in  an  extraordinary  manner.  These 
hit  locks  consist  of  purple  clay-atone  and  of  various  other 
porphyries,  and  of  mnch  white  feldspathic  greenstone 
passing  into  andeaite;  this  latter  variety  included  in 
one  case  crystals  of  ortbitic  and  albitic  feldspar  tonch- 
ing  each  other,  and  othere  of  hornblende,  chlorite,  and 
epidote.  The  strata  surrounding  these  intrusive  hil- 
locks at  the  mines  of  Los  Homos,  are  intersected  by 
many  veins  of  copper-pyritea,  associated  with  nmch 
micaceous  iron-ore,  and  by  some  of  gold :  in  the  neigh- 
bourhood of  these  veins  the  rocks  are  blackened  and 
much  altered.  The  gypsum  near  the  intrusive  massos 
is  always  opaque.  One  of  these  hillocks  of  porphyry 
was  capped  by  some  stratified  porphyritic  conglomerate, 
which  must  have  been  brought  up  from  below,  through 
the  whole  immense  thickness  of  the  overlying  gypseous 
formation.  The  lower  beds  of  the  gypseous  formation 
resemble  the  corresponding  and  probably  contemporfr- 
neous  strata  of  the  main  Cordillera ;  whilst  the  upper 
beds  in  several  respects  resemble  those  of  the  Uspallata 
chain,  and  possibly  may  be  contemporaneous  with 
them ;  for  I  have  endeavoured  to  show  that  the  Uspal- 
lata beds  were  accumulated  subsequently  to  the  gyp- 
BeoQB  or  Neocomian  formations  of  the  Cordillera. 

This  pile  of  strata  dtps  at  an  angle  of  about  20°  to 
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NE.  by  N.,  close  up  to  the  very  foot  of  the  Caesta  de 
Los  Hornos,  a  crooked  range  of  moantains  formed  of 
intrusive  rocks  of  the  same  natore  with  the  above  de- 
6cril)ed  hillocks.  Only  in  one  or  t«vo  places,  on  this 
south-eastern  side  of  the  range,  I  noticed  a  narrow 
fringe  of  the  upper  gypseous  strata  brushed  up  and 
inclined  south-eastward  from  it.  On  its  north-eastern 
flank,  and  likewise  on  a  few  of  the  summits,  the  strati- 
fied porphyritic  conglomerate  is  inclined  NE. :  so  that, 
if  we  disregard  the  very  narrow  anticlinal  fringe  of 
gypseous  strata  at  its  SE.  foot,  this  range  forma  a 
second  uniclinal  axis  of  elevation.  Proceeding  in  a 
north  by  east  direction  to  the  village  of  Combarbala, 
we  come  to  a  third  escarpment  of  the  porphyritic  con- 
glomerate, clipping  eastwards,  and  forming  the  outer 
range  of  the  main  Cordillera.  The  lower  beds  were 
hero  more  jaspery  than  usual,  and  they  included  some 
white  cherty  strata  and  red  sandstones,  alternating  with 
purple  cluystone  porphyry.  Higher  up  in  the  Cordillera 
there  appeared  to  be  a  line  of  andesitic  rocks ;  and 
beyond  them,  a  fourth  escarpment  of  the  porphyritic 
conglomerate,  again  dipping  eastwards  or  inwards. 
The  overlying  gypseous  strata,  if  they  ever  existed  here, 
have  been  entirely  removed. 

Copper  Mines  of  Panwicillo. — From  Combarbala 
to  Coquimbo,  I  traversed  the  country  in  a  zig-zag 
direction,  crossing  and  recrossing  the  porphyritic  con- 
glomerate and  finding  in  the  granitic  districts  an  un- 
usual number  of  mountain-masses  composed  of  various 
intrusive,  porphyritic  rocks,  many  of  them  andesitic. 
One  common  variety  was  greenish-black,  with  large 
crystals  of  blackish  albite.  At  Panuncillo  a  short 
NNW.  and  SSE.  ridge,  with  a  nucleus  formed  of 
greenstone  and  of  a  slate-coloured  porphyry  including 
crystals  of  glassy  feldspar,  deserves  notice,  from  the 
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very  singular  nature  of  the  alinost  vertical  strata  com- 
posiDg  it.  These  consist  chiefly  of  a  finer  or  coarser 
granular  mixture,  not  very  compact,  of  white  carbonate 
of  lime,  of  protoxide  of  iron  and  of  yellowish  garnets 
(ascertained  by  Prof.  Miller),  each  grain  being  an 
almost  perfect  crystal.  Some  of  the  varieties  consist 
exclusively  of  grannies  of  the  calcareous  spar;  and 
Eome  contain  grains  of  copper  ore,  and,  I  believe,  of 
quartz.  These  strata  alternate  with  a  bluish,  compact, 
fusible,  feldspatbic  rock.  Much  of  the  above  granular 
mixture  has,  also,  a  psendo-brecciated  structure,  in 
which  fragments  are  obscurely  arranged  in  planes 
paralld  to  those  of  the  stratification,  and  are  con- 
spicnons  on  the  weathered  surfaces.  The  fragments 
are  angular  or  ronnded,  small  or  large,  and  consist  of 
bluish  or  reddish  compact  feldspathic  matter,  in  which 
a  few  acicniar  crystals  of  feldspar  can  sometimes  be 
seen.  The  fragments  often  blend  at  their  edges  into 
the  surrounding  grannlar  mass,  and  seem  due  to  a  kind 
of  concretionary  action. 

These  singular  rocks  are  tr4versed  by  many  copper 
veins,  and  appear  to  rest  conformably  on  a  granular 
mixture  (in  parta  as  finegrained  ae  a  sandstone)  of 
quartz,  mica,  hornblende,  and  feldspar ;  and  this  on 
fine-grained,  common  gneiss ;  and  this  on  a  laminated 
mass,  composed  of  pinkish  orlhilic  feldspar,  including 
a  few  specks  of  hornblende ;  and  lastly,  this  on  granite, 
which  together  with  andesitic  rocks,  form  the  surronnd- 
ing  district, 

Coqui-mJio :  Mining  District  of  Arqueros. — At 
Coqnimbo  the  porphyritic  conglomerate  formation  ap- 
proaches nearer  to  the  Pacific  than  in  any  other  part 
of  Chile  visited  by  me,  being  separated  from  the  coast 
by  a  tract  only  a  few  miles  broad  of  the  usual  plutonio 
rocka,  with  the  addition  of  a  porphyry  having  a  red 
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enritic  l<h-e.  In  proceeding  to  tke  mines  of  Aiqniaos, 
thf:  hXTztA  fj{  porphyritic  ocngiosirr&te  mre  At  fiisl  nearly 
horizTjurjhl^  an  onosnal  circiun^tan*::e,  and  aftenrafds 
they  dip  gyrntiv  to  SSE.  After  having  ascended  to  a 
coTisi'ub-Tiihh:  bf-iifht.  we  come  to  an  nndalatorv  district 
in  which  the  famous  silrer  mines  are  sitoated:  my 
exam  in&t ion  was  chiefly  confined  to  those  of  S.  Rosa. 
Mofrt  of  the  rocks  in  this  district  are  stratified,  dipping 
in  varioos  directions,  and  many  of  them  are  of  so 
singular  a  nature,  that  at  the  risk  of  being  tedious  I 
mufit  briefly  describe  them.  The  commonest  yaiiety  is 
a  dull-red,  compact,  finely-breociated  stone,  containing 
much  iron  and  innumerable  white  crystallised  particles 
of  CHr\)ftUiiUi  of  lime  and  minute  extraneous  fragments. 
Another  variety  is  almost  equally  common  near  S.  Rosa ; 
it  has  a  bright  green,  scanty  basis,  including  distinct 
crystals  and  patches  of  white  carbonate  of  lime,  and 
grains  of  red,  semi-micaceous  oxide  of  iron :  in  parts 
tlie  basis  becomes  dark  green,  and  assumes  an  obscure 
cryKtalline  arrangement,  and  occasionally  in  parts  it 
hitajma^  sofl  and  slightly  translucent  like  soapstone. 
Tficjse,  Hid  and  green  rocks  are  often  quite  distinct,  and 
often  j)ass  into  each  other :  the  passage  being  sometimes 
affect^'d  by  a  fine  brecciated  structure,  particles  of  the 
red  and  green  matter  being  mingled  together.  Some 
of  tlio  varieties  appear  gradually  to  become  porphyritic 
with  feldspar ;  and  all  of  them  are  easily  fusible  into 
I)alo  or  dark-coloured  beads,  strongly  attracted  by  the 
magnet.  I  should  perhaps  have  mistaken  several  of 
these  stratified  rocks  for  submarine  lavas,  like  some  of 
tlK)S(*^  dtiscribed  at  the  Puente  del  Inca,  had  I  not  ex- 
amined, a  few  leagues  eastward  of  this  point,  a  fine  series 
ofanalot^ous  but  less  metamorphosed,  sedimentary  beds 
bi^loiiging  to  the  gypseous  formation,  and  probably  de- 
rived from  a  volcanic  source. 
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TMb  formation  is  intersected  by  Damerous  metal- 
liferoDB  reins,  running,  though  irregularly,  NW.  and 
8E.,  and  generally  at  right  angles  to  the  many  dikes. 
The  reins  consist  of  native  silver,  of  muriate  of  silver, 
an  amalgam  of  ailrer,  cobalt,  antimony,  and  arsenic,' 
generally  embedded  in  sulphate  of  barytes.  I  was 
assured  by  Mr.  Lambert,  that  native  copper  without  a 
trace  of  silver  has  been  found  in  the  same  rein  with 
native  ailrer  without  a  trace  of  copper.  At  the  mines 
of  Aristeas,  the  silver  veins  are  said  to  be  unproductive 
aa  soon  aa  they  pass  into  the  green  strata,  whereas  at 
S.  Rosa,  only  two  or  three  miles  distant,  the  rererse 
happens;  and  at  the  time  of  my  visit,  the  miners  were 
working  throngh  a  red  stratum,  in  the  hopes  of  the 
rein  becoming  productive  in  the  underlying  green  sedi- 
mentary mass.  I  have  a  specimen  of  one  of  these  green 
rocks,  with  the  usual  granules  of  white  calcareous  spar 
and  red  oxide  of  iron,  abounding  with  disseminated 
particles  of  g1itt«nng  native  and  muriate  of  silver, 
yet  taken  at  the  distance  of  one  yard  &om  any 
rein, — a  circumstance,  as  I  was  assured,  of  very  rare 
occurrence. 

Section  Easttmrd,  vp  the  Valley  of  Coquimbo. — • 
Afler  passing  for  a  few  miles  over  the  coast  granitic 
series,  we  come  to  the  porphyritic  conglomerate,  with 
its  usual  characters,  and  with  some  of  the  beds  dis- 
tinctly displaying  their  mechanical  origin.  The  strata, 
where  first  met  with,  are,  as  before  stated,  only  slightly 
inclined  ;  but  near  the  Hacienda  of  Plnclaro,  we  come 
to  an  anticlinal  axis,  with  the  beds  much  dislocated  and 
shifted  by  a  great  fault,  of  which  not  a  trace  is  ex- 
ternally seen  in  the  outline  of  the  hill.  I  believe  that 
this  anticlinal  axis  can  be  traced  northwards,  into  the 
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di.'-trict  of  Arqueros,  where  a  conspicnons  hill  called 
Cerro  Blanco,  formed  of  a  harsh,  cream-coloared  euritic 
rock,  including  a  few  crystals  of  reddish  feldspar,  and 
associated  with  some  purplish  claystone  porphyry,  seems 
to  iall  on  a  line  of  elevation.  In  descending  from  the 
Arqueros  district,  I  crossed  on  the  northern  border  of  the 
valley,  strata  inclined  eastward  from  the  Pluclaro  axis: 
on  the  porphyritic  conglomerate  there  rested  a  mass, 
some  hundred  feet  thick,  of  brown  argillaceous  limestone, 
in  parts  crystalline,  and  in  parts  almost  composed  of 
Hippurites  ChilensiSj  d'Orbig. ;  above  this  came  a  black 
calcareous  shale,  and  on  it  a  red  conglomerate.  In  the 
brown  limestone,  with  the  Hippurites,  there  was  an 
impression  of  a  Pecten  and  a  coral,  and  great  numbers 
of  a  large  Gryphaea,  very  like,  aud,  according  to  Prof. 
E.  Forbes,  probably  identical  with  G.  Ori^nialis,  Forbes 
IIS., — a  cretaceous  species  (probably  upper  greensand) 
from  Verdachellum,  in  Southern  India.  These  fossils 
seem  to  occupy  nearly  the  same  position  with  those  at 
the  Puente  del  Inca, — namely,  at  the  top  of  the  por- 
pliyritic  conglomerate,  and  at  the  base  of  the  gypseous 
furination. 

A  little  above  the  Hacienda  of  Pluclaro,  I  made  a 
detour  on  the  northern  side  of  the  valley,  to  examine 
the  su|)erincumbeut  gypseous  strata,  which  I  estimated 
at  6j000  fet  in  thickness.  The  uppermost  beds  of  the 
porphyritic  conglomerate,  on  which  the  gypseous  strata 
conformably  rest,  are  variously  coloured,  with  one  very 
singular  and  beautiful  stratum  composed  of  purple 
jH»bl>lcs  of  various  kinds  of  porphyry,  embedded  in 
white  calcareous  spar,  including  cavities  lined  with 
briglit-gnen  crystallised  epidote.  The  whole  pile  of 
t-rrata  bek»nging  to  both  formations  is  inclined,  ap- 
pnrently  from  the  above-mentioned  axis  of  Pluclaro, 
at  an  angle  of  between  20°  and  30°  to  the  east,     I  will 
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here  ^ve  a  sectioD  of  the  principal  beds  met  with  in 
crossing  the  entire  thickness  of  the  gypseous  strata. 

First :  above  the  porphyritic  conglomerate  for- 
mation, there  is  a  fine-graiaed,  red,  crystalline  sand- 
stone. 

Secondly :  a  thick  mass  of  smooth-grained,  calcareo- 
alnminons,  shaly  rock,  oft«n  marked  with  dendritic 
manganese,  and  har^Dg,  where  most  compact,  the  ex- 
ternal appearance  of  bonestone.  It  is  easily  fusible. 
I  shall  for  the  futnre,  for  convenience  sake,  call  this 
variety  psendo-honestone.  Some  of  the  varieties  are 
qnito  black  when  freshly  broken,  bat  all  weather  into 
»  yellowish-a»h  coloured,  soft,  earthy  substance,  pre- 
cisely  as  u  the  case  with  the  compact  shaly  rocks  of 
the  Peuquenes  range.  This  stratum  is  of  the  same 
general  nature  with  many  of  the  beds  near  Los  Horuos 
in  the  Illapel  section.  In  this  second  bed,  or  in  the 
underlying  red  Eandstone  (for  the  surface  was  partially 
concealed  by  detritus),  there  was  a  thick  mass  of 
gypsum,  having  the  same  mineralogical  characters  with 
the  great  beds  described  in  our  sections  across  the 
Cordillera. 

Thirdly:  a  thick  stratum  of  fine-grained,  red, 
sedimentary  matter,  easily  fusible  into  a  white  glass, 
like  the  basis  of  claystone  porphyry ;  but  in  parts 
jaspery,  in  parte  brecciated,  and  including  crystalline 
specks  of  carbonate  of  lime.  In  some  of  the  jaspery 
layers,  and  in  some  of  the  black  siliceous  slat^  bands, 
there  were  irregular  seams  of  imperfect  pitchstone, 
undoubtedly  of  mctamorphio  origin,  and  other  seams  of 
brown,  crystalline  limestone.  Here,  also,  were  masses, 
externally  resembling  ill-preserved  silicified  wood. 

Fourthly  and  fifthly :  calcareous  pseudo-honestone ; 
and  a  thick  stratum  concealed  by  detritus. 

Sixthly :  a  thinly  stratified  mass  of  bright  green, 
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compact,  Bmooth-graineJ,  calcareo-argillaceoas  stonei 
easily  fusible,  and  emitting  a  strong  aluminous  odoar : 
the  whole  has  a  highly  angulo-concretionary  structure ; 
and  it  resembles,  to  a  certain  extent,  some  of  the  upper 
tufaceo-infusorial  deposits  of  the  Patagonian  Tertiary 
formation.  It  is  in  its  nature  allied  to  our  pseudo- 
honestone,  and  it  includes  well  characterised  layers  of 
that  variety  ;  and  other  layers  of  a  pale  green,  harder, 
and  brecciated  variety ;  and  others  of  red  sedimentary 
matter,  like  that  of  bed  Three.  Some  pebbles  of  pbr- 
phyries  are  embedded  in  the  upper  part. 

Seventhly  :  red  sedimentary  matter  or  sandstone 
like  that  of  bed  One,  several  hundred  feet  in  thickness, 
and  including  jiispery  layers,  often  having  a  finely 
brecciated  structure. 

Eighthly  :  white,  much  indurated,  almost  crystalline 
tuff,  several  hundred  feet  in  thickness,  including 
rounded  grains  of  quartz  and  particles  of  green  matter 
like  that  of  bed  Six.  Parts  pass  into  a  very  pale  green, 
Bemi-porcellanic  stone. 

Ninthly  :  red  or  brown  coarse  conglomerate,  800  to 
400  feet  thick,  formed  chiefly  of  pebbles  of  porphyries, 
with  volcanic  particles,  in  an  arenaceous,  non-calcareous, 
fusible  basis :  the  upper  two  feet  are  arenaceous  without 
any  pebbles. 

Tenthly  :  the  last  and  uppermost  stratum  here 
exhibited,  is  a  compjict,  slate-coloured  porphyry,  with 
numerous  elongated  crystals  of  glassy  feldspar,  from 
150  to  200  feet  in  thickness :  it  lies  strictly  conformably 
on  the  underlying  conglomerate,  and  is  undoubtedly  a 
submarine  lava. 

This  great  pile  of  strata  has  been  broken  up  in 
several  places  by  intrusive  hillocks  of  purple  claystone 
porpliyry,  and  by  dikes  of  porphyritic  greenstone :  it  is 
said  that  a   few  poor   metalliferous  veins   have   been 
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discovered  here.  From  the  fusible  nature  and  general 
appearance  of  the  finer-grained  strata,  they  probably 
owe  their  origin  (like  the  allied  beds  of  the  Uspallata 
niHge,  and  of  tiio  upper  Patagonian  Tertiary  formations), 
to  gentle  volcanic  eruptions,  and  to  the  abrasion  of 
volcanic  rocks.  Comparing  these  beds  with  those  in 
the  mining  dietrict  of  Arqneros,  we  see  at  both  places 
rocks  easily  fusible,  of  the  same  pecDlinr  bright  grerai 
and  red  colours,  containing  calcareous  matter,  often 
having  a  finely  brecciated  structure,  often  passing  into 
each  other  and  oflen  alternating  together:  hence  I 
cannot  doubt  that  the  only  diSerence  between  them, 
lies  in  the  Arqueros  beds  having  been  more  metamor- 
phosed (in  conformity  with  their  more  dislocated  and 
injected  condition),  and  consequently  in  the  calcareous 
matter,  oxide  of  iron  and  green  colouring  matter,  having 
been  spgregati'd  under  a  more  ciystalline  form. 

I'he  strata  are  inclined,  as  before  stated,  from  20"  to 
30'  eastward,  towards  an  irregular  north  and  south 
chain  of  andesitic  porphyry  and  of  porphyritic  green- 
stone, where  they  are  abruptly  cut  off.  In  the  valley 
of  Coqnimbo,  near  to  the  H.  of  Gualliguaca,  similar 
plutonic  rocks  are  met  with,  apparently  a  southern 
prolongation  of  the  above  chain ;  and  eastward  of  it  we 
have  an  escarpment  of  the  porphyritic  conglomerate, 
with  the  strata  inclined  at  a  small  angle  eastward, 
which  makes  the  third  epcarpment,  including  that 
nearest  the  coast.  Proceeding  np  the  valley  we  come 
to  another  north  and  south  line  of  granite,  andesite, 
and  blackish  porphyry,  which  seem  to  lie  in  an  iri-egulur 
trough  of  the  porphyritic  conglomerate.  Again,  on  the 
south  side  of  the  H.  Claro,  there  are  some  irregular 
granitic  hilla,  which  have  thrown  oif  the  strata  of  porphy- 
ritic conglomerate  to  the  N  W.  by  W. ;  bat  the  stratifica- 
tion here  has  been  mnch  distnrbed.     I  did  not  proceed 
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any  farther  ap  the  valley,  and  this  point  is  aboat  two- 
thirds  of  the  distance  between  the  Pacific  and  the 
main  Cordillera. 

I  will  describe  only  one  other  section,  namely,  on 
the  north  side  of  the  R.  Claro,  which  is  interesting 
from  containing  fossils :  the  strata  are  mnch  dislocated 
by  faults    and   dikes,  and    are  inclined  to  the  north, 
towards  a  mountain  of  andesite  and  porphyry,   into 
which  they  appear  to  become  almost  blended.     As  the 
beds  approach  this  mountain,  their  inclination  increases 
np  to  an  angle  of  70^,  and  in  the  upper  part,  the  rocks 
become  highly  metamorphosed.     The  lowest  bed  visible 
in  this  section,  is  a  purplish  bard  sandstone.     Secondly, 
a  bed  200  or  300  feet  thick,  of  a  white  siliceous  sand- 
stone, with  a  calcareous  cement,  containing  seams  of 
Hlaty  sandstone,  and  of  hard  yellowish-brown  (dolomitic?) 
limestone;   numerous,  well-rounded,   little   pebbles  of 
quartz  are  included  in  the  sandstone.     Thirdly,  a  dark 
coloured  limestone  with  some  quartz  pebbles,  from  fifty 
to  sixty  feet  in  thickness,  containing  numerous  silicified 
shells,   presently  to    be    enumerated.     Fourthly,  very 
compact,    calcareous,  jaspery  sandstone,   passing  into 
(fifthly)    a   great   bed,  several   hundred  feet  thick,  of 
conglomerate,  composed  of  pebbles  of  white,  red,  and 
purple  porphyries,  of  sandstone  and  quartz,  cemented 
by  calcareous   matter.     I   observed   that  some  of  the 
finer  parts  of  this  conglomerate  were  much  indurated 
within  a  foot  of  a  dike  eight  feet  in  width,  and  were 
rendered  of  a  paler  colour  with  the  calcareous  matter 
segregated  into  white  crystallised  particles  ;  some  parts 
were  stained  green  from  the  colouring  matter  of  the 
dike.     Sixthly,  a  thick  mass,  obscurely  stratified,  of  a 
red  sedimentary  stone  or  sandstone,  full  of  crjstalline 
calcareous  matter,  imperfect  crystals  of  oxide  of  iron, 
and  I  believe  of  feldspar,  and  therefore  closely  resem- 
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bling  Bome  of  the  hisrlily  nietBmorfili'>s^d  b-u;  ai  At- 
queros :  tliia  bed  was  capped  bv.  and  Hp)>^arf d  it.  i^ass 
in  its  upper  part  into,  rocks  similarly  uoioiirril.  ooic 
taiiiing  cak-areous  matttr,  and  aUnindiii)?  wi'L  tniuaw 
crystals,  mostly  el'joirati^  arid  t'ia^J-  of  reddisL  \^.^.\k. 
Scveutbly,  a  oonibnnabje  sirtii;ii:  of  Cn*;  reddisL  j»y:- 
phyry  with  large  cri*tals  of  •\\.'>.-\'.'- •  (•^iu-pii-  ;  i-r^ 
bablya  Bubmariue  l;iva.  Y^.'S'-\'~y.  tn-jTL-.'  u  ■iJyiniii-'.*- 
K-d  of  gTi'i-c  porji^}ry.  !»■::■.  "j^-zi;!.  -J.  s"^"\  --j-il  «;■<; 
cream-coloured  crj>TfiU  '■''  f-:r-i-;iur.  J  ;>...■■■.»  ia.tl 
there  are  other  f:uper!:.:-i;ii.-jT-i;i  '.■•^stuljiit  ■e-rw.i.  and 
submarine  lavas,  but  I  \.vi  zi'A.  \-m.%\  i<.  ■-.'.tiiniu'.  ::i-ii;. 

The  upper  beds  in  thU  SA'.-ii'.n.  pruwiniy  t-^rrs-^K^nd 
with  parts  of  the  erea:  ^j-w-.'w  Iomuji'i-h  .  »i!j'.  'w. 
lower  beds  of  red  mi.'.-'.-.-i.'-  'j-:i;;.yiii>:si-.-  mii'.  !jr,-ii,- 
feroHS  limestone  no  "5-, .■t  i."  -^h'.  H\>:--i.-:i\-  •/  mh- 
Hippurite  stratum,  w?¥r,  ii  Q»-b'x-ni.'p;'  (:■/:!.  i-v^.^i--'* 
to  Pluclaro,  wh^;}j  ■.■jJ:-!*-  ji"*  v^fiil'j'iiia'j^y  u\rji.  '-i*t- 
porphyritic  contr.'.rft^-v-^  I'jriimii'jii.  'Jmr  i'l^-.-.i.i:  I'^uuO 
in  the  third  bed.  o.;  >-.►■.  -j'  - 

Pecten  Dufrevny,;.  ^Orijijf.  '  \'ovaff*:.  I'.irt.  Pd!.' 


Ostrea  hemitpL-riwi.  d'Oryi/.  '  \''j;  ii;/i:   Ait.' 
Also  reoemble*,  wx^jr^h;^  MiU*:b)>.u».- auiiioi,  i^ettviOiu  !'xniii 

Tepebratula  a,-iii;rtrja,  d'Orbi;/.  '  Wja;;'-,  A^c'  (I'l, 
XXII.  figa.  10-12y,  a/id  \'\.  V.  t-s.  I'j,  11,  \2  -A  thi« 
work. 

Is  allied,  aoooriin?  to  M.  d'Orlji^^ny,  W  T.  <>;i.'.ir,rm  fnm  the 
Forcit  Marble.  A  WKi.K'^i>i\hn*\i^-:\i:',')f,V.if:\i-^u,s--i<:ni.\  Ivjulitiwi 
herpafler  to  be  refertni  to,  liw  U:<Jii  laiil  beluru  l*rit.  K.  KorLes  ;  find 
be  iuforma  mc  thai  maayuf  tbe  tpeiiirueli*  art  aim  wt  un'lUtingiiiAh- 
nble  from  onr  oolitic  T.  t«!t  rawlra.  auJlijatlljevaiifl  165  amongst  thi-ra 
are  such  u  are  found  in  that  Tsrialjle  tpedei.  Ccnenll.v  spi'nkinii, 
the  American  Bpecimeiu  of  T.  voigiuaiiui;  bedisting;"'''^'''^'"'''''''* 
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British  T.  tetraedra,  by  the  surface  having  the  ribs  sharp  and  well 
defined  to  the  beak,  whilst  in  the  British  species  they  become  obsolete 
and  smoothed  down ;  but  this  difference  is  not  constant.  Prof.  Forbes 
adds,  that,  possibly,  internal  characters  may  exist,  which  would 
distinguish  the  American  species  from  its  European  allies. 

Spirifer  linguiferoides,  E.  Forbes,  PI.  V.  figs.  17, 18. 

Professor  Forbes  states  (see  Appendix)  that  this  species  is  rcry 
near  to  S.  linguifera  of  Phillips  (a  carboniferous  limestone  fossil), 
but  probably  <listinct.  M.  d'Orbigny  considers  it  as  perhaps  in- 
dicating the  Jurassic  period. 

Ammonites,  imperfect  impression  of. 

M.  Domeyko  has  sent  to  France  a  collection  of 
fossils,  which,  I  presume,  from  the  description  given, 
must  have  come  from  the  neighbourhood  of  Arqaeros ; 
they  consist  of — 

Pecten  Dufreynoyi,  d'Orbig.  *  Voyage,  Paiij.  Pal.' 

Ostrea  hemispherica,  do.  do. 

Turritella  Andii,  do.  do.  (Pleurotomaria  Humboldtii 
of  Von  Buch). 

Hippurites  Chilensis,  do.  do. 

Tlie  specimens  of  this  Hippurite,  as  well  as  those  I  collected  in  my 
desct-nt  from  Arquoros,  arc  very  imperfect ;  but  in  M.  d'Orbigny's 
opinion  they  resemble,  as  does  the  Turritella  Andii,  oretaceooa 
(upper  grconsand)  forms. 


Nautilus  Domeykus,  d'Orbig.  do.  da, 
Terebratula  aenigma,  do.  do. 
Terebratula  ignaciana,  do.  do. 


This  latter  species  was  found  by  M.  Domeyko  in  the  same  block  of 
limestone  with  the  T.  lenigma.  According  to  M.  d'Orbigny,  it  comes 
near  to  T.  ornithoceph.ila  from  tlie  Lias.  A  series  of  this  species 
collected  at  Giiasco,  has  been  ex;iminc<l  by  Professor  E.  Forbes,  and  he 
st^ites  that  it  is  difficult  to  distinfj^uish  between  some  of  the  specimens 
andtlio  T.  bastata  from  the  mountain  limestone :  and  that  it  is  equally 
difficult  to  draw  a  line  between  tljem  and  someMarlstoneTerebratulae. 
Without  a  knowledge  of  the  internal  structure,  it  is  impossible  at 
present  to  decide  on  their  identity  with  analogous  European  forms. 

The  remarks  given  on  the  several  foregoing  shells, 
show  that,   in   M.   d'Orbigny's   opinion,   the    Pecten, 
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Ostrea,  Turritella,  and  Hippurite  indicate  the  creta- 
ceoug  period  ;  and  the  Gryphsa  appears  to  Prof. 
Forbes  to  be  identical  with  a  epecies,  associated  in 
Southern  India  with  unqaestionably  cretaceous  Forms. 
On  the  other  hand,  the  two  TerebratuliB  and  the  Spirirer 
point,  in  the  opinion  both  of  M.  d'Orbigny  and  Prof. 
Forbes,  to  the  oolitic  seriea.  Hence  M.  d'Orbigny,  not 
having  himself  examined  this  country,  has  concluded 
that  there  are  here  two  distinct  formations;  but  the 
Spirifer  and  T.  eenigma  were  certainly  included  in 
the  same  bed  with  the  Pecten  and  Ostrea,  whence  I 
extracted  them ;  and  the  geologist  M.  Domeyko  sent 
home  the  two  Terebratnlje  with  the  other-named  shells, 
from  the  same  locality,  without  specifying  that  they 
came  from  different  beds.  Again,  as  we  shall  presently 
see,  in  a  collection  of  shells  given  me  from  Guasco,  the 
same  species,  and  others  presenting  anali^us  differences 
are  mingled  together,  and  are  in  the  same  condition ; 
and  lastly,  in  three  places  in  the  valley  of  Copiapo,  I 
found  some  of  these  same  species  similarly  grouped. 
Hence  there  cannot  be  any  doubt,  highly  curious 
though  the  fact  be,  that  these  several  fossils,  namely, 
the  Hippurites,  Gryphtea,  Ostrea,  Pecten,  Turritella, 
Nautilus,  two  Terebratulse,  and  Spirifer  all  belong  to 
the  same  formation,  which  would  appear  to  form  a 
passage  betweea  the  oolitic  and  cretaceous  systems  of 
Europe.  Although  aware  how  unusual  the  term  must 
sound,  I  shall,  for  convenience  sake,  call  this  formation 
cretaceo-oolitic.  Comparing  the  sections  in  this  valley 
of  Coquimbo  with  those  in  the  Cordillera  described  in 
the  last  chapter,  and  bearing  in  mind  the  character  of 
the  beds  in  the  intermediate  district  of  Loa  Hornos, 
there  is  certainly  a  close  general  minemlogical  resem- 
blance between  them,  both  in  the  underlying  porphy- 
ritic    conglomerate,    and    in    the   overlying   gypseous 
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formation.  Considering  tliis  resemblance,  and  that  the 
fossils  from  the  Puente  del  Inca  at  the  base  of  the 
g)'pseou8  formation,  and  throughout  the  greater  part  of 
its  entire  thickness  on  the  Peuquenes  range,  indicate 
the  Neocomian  period, — that  is,  the  dawn  of  the  cre- 
taceous system,  or,  as  some  have  believed,  a  passage  be- 
tween this  latter  and  the  oolitic  series — I  conclude  that 
probably  the  gypseous  and  associated  beds  in  all  the 
sections  hitherto  described,  belong  to  the  same  great 
formation,  which  I  have  denominated — cretaceo-oolitic. 
I  may  add,  before  leaving  Goquimbo,  that  M.  Gay  found 
m  the  neighbouring  Cordillera,  at  the  height  of  14,000 
feet  above  the  sea,  a  fossiliferous  formation,  including  a 
Trigonia  and  Pholadomya ;  * — both  of  which  genera 
occur  at  the  Pnenfe  del  Inca. 

Goquimho  to  Giicifico, — The  rocks  near  the  coast, 
and  some  way  inland,  do  not  differ  from  those  described 
northwards  of  Valparaiso :  we  have  much  greenstone, 
syenite,  foldspathic  and  jaspery  slate,  and  grauwackes 
having  a  basis  like  that  of  claystone;  there  are  some 
large  tracts  of  granite,  in  which  the  constituent 
minerals  are  sometimes  arranged  in  folia,  thus  compos- 
ing an  imperfect  gneiss.  There  are  two  large  districts 
of  mica-schist,  passing  into  glossy  clay-slate,  and  re- 
sembling the  great  formation  in  the  Chonos  Archipelago. 
In  the  valley  of  Guasco,  an  escarj^ment  of  porphyritic 
conglomerate  is  first  seen  high  up  the  valley,  about  two 
leagues  eastward  of  the  town  of  Ballenar.  I  heard  of  a 
great  gypseous  formation  in  the  Cordillera ;  and  a  col- 
lection of  shells  made  there  was  given  me.  These 
shells  are  all  in  the  same  condition,  and  appear  to  have 
t'ome  from  the  same  bed :  they  consist  of — 

«  D'Orbigny,  •  Voyage,  Part.  G6olog/  p.  242. 
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Turritella  Andii,  d'Orbig. '  Voyage,  Part.  Pal.' 
Pecten  Dafreynoyi,         do. 
Terebratula  ignaciaoa,    do. 


Terebratnla  ffinignia,  d'Orbig.  '  Voyage,  Part.  Pal.' 
(var.  E.  Forbes,  PI.  Y.  figs.  13,  14). 

This  Bhell  M.  d'Orbig^j  does  not  consider  identical  with  his  T. 
enigma,  bnt  near  to  T.  obsoleta.  Professor  Forbes  thinks  that  it  is 
cerlaialf  a  variety  of  T.  leniKtoa,  and  his  Dbsrrvalionaon  thisEpeciCd 
are  given  in  the  list  oF  fo^^ails  from  Coqoimbo :  we  shall  meet  with 
this  variety  again  at  Copiapo. 

Spirifer  ChilenaiB,  E.  Forbes,  PI.  V.  figs.  15,  16. 

Profensor  Forbes  remarks  that  this  fossil  resembles  several  aar< 
bontferouB  limestone  Spirifers ;  and  that  it  is  also  related  to  some 
liassic  species,  as  8.  Wolcotii. 

If  these  shells  had  been  examined  independently  of 
the  other  collections,  they  would  probably  hare  been 
considered,  from  the  characters  of  the  two  Terebratulae 
and  from  the  Spirifer,  as  oolitic ;  but  considering  that 
the  three  first  species,  and  according  to  Profesiior  Forbes, 
the  fonr  first,  are  identical  with  those  from  Coqaimbo, 
the  two  formations  no  donbt  are  the  same,  and  may, 
as  I  have  said,  be  provisionally  called  cretaceo-oolitic. 

Valley  of  Copiapo. — The  journey  from  Gnasco  to 
Copiapo,  owing  to  the  utterly  desert  natnre  of  the 
country,  was  necessarily  so  hurried,  that  I  do  not  con- 
sider my  notes  worth  giving.  In  the  valley  of  Copiapo 
some  of  the  sections  are  very  interesting.  From  the 
Bea  to  the  town  of  Copiapo,  a  distance  estimated  at 
thirty  miles,  the  mountains  are  composed  of  greenstone, 
granite,  andesite,  and  blackish  porphyry,  together  with 
Bome  dusky-green  feldspathio  rocks,  which  I  believe  to 
be  altered  clay-slate:  these  moontaiuB  are  crossed  by 
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Tr.anT  fcro-wn-criloar^tJ  dlirs.  roniLin:?  north  and  5<Du:h. 
K\/j7>  rhe  V.'KTi-  the  main  va7.»*T  mns  in  a  aonth-^ast 
%tA  ^."^.Ti  zt.^jT^  Vj^.thrrlj  course  towaria  the  Cordillera, 
wheT«i  it  «  dirided  into  thr«re  great  ra-rinea,  by  the 
north^TTi  one  of  w-r.ich,  call  Jolqnera.  I  penetrated  for  a 
fthort  dii-tance.  The  coloured  section,  fiz.  3  in  Plate  L, 
gives  an  eve-sketch  of  the  structure  and  composition 
of  the  monnraina  on  Wh  sides  of  this  vallev :  a  straight 
esiSd  and  west  line  from  the  town  to  the  Cordillera  is 
perhaps  not  more  than  thirty  miles,  bat  along  the 
▼alley  the  distance  is  mQch  greater.  Wherever  the 
valley  trenried  very  sontherly,  I  have  endeavoured  to 
Cfthfrhct  the  .section  into  its  true  proportion.  This 
valley,  I  mfiy  a^M,  ri.ses  much  more  gently  than  any 
other  Vfillev  which  I  saw  in  Chile. 

Tf}  corurnence  with  our  section,  for  a  short  distance 
alxA'e  the  town  we  have  hills  of  the  granitic  series, 
t^>;.rfrther  with  some  of  that  rock  [A],  which  I  suspect  to 
\)4)  altered  clay-5-late,  but  which  Prof.  G.  Rose,  judg- 
in;(  from  specimens  collected  by  Meyen  at  P.  Negro, 
gt^ites  is  serpentine  passing  into  greenstone.  We  then 
c<'>me  8Ufl<lenly  to  the  great  Gypseous  formation  [B] 
without  having  passed  over,  differently  from  in  all  the 
gectioiiB  hitherto  described,  any  of  the  porphyritic  con- 
glomt^ato.  The  strata  are  at  first  either  horizontal  or 
grutly  inclined  westward  ;  then  highly  inclined  in 
vur'K)UR  (lir(»ctionfl,  and  contorted  by  underlying  masses 
of  intrnHivt^  rocks  ;  and  lastly,  they  have  a  regular  eubt- 
wiinl  dip,  and  form  a  tolerably  well  pronounced  north 
and  south  lino  of  hills.  This  formation  consists  of 
thin  Hfratn,  with  innumerable  alternations,  of  black, 
ralcanM)UH  slat(»-rock,  of  calcareo-aluminous  stones  like 
thoHo  ati  (/Oipiiinbo,  which  I  have  called  pFCudo-hone- 
Rtonc'H,  of  green  jaspery  layers,  and  of  pale-purplish 
culcureouH,  sofl  rottenstone,  including  seams  and  veins 
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of  gypsum.  These  Btrate  are  conformably  overlaid  by  a 
great  thickness  of  thinly  stratified,  compact  limestone 
with  included  crystals  of  carbonate  of  lime.  At  a  place 
called  Tierra  Amarilla,  at  the  foot  of  a  monntain  thLS 
composed,  there  id  a  broad  vein,  or  perhaps  stratum,  of 
a  beautiful  and  cnrions  crystallised  mixture,  composed, 
according  to  Prof  G.  Rose,'  of  sulphate  of  iron  under 
two  forma,  and  of  the  sulphates  of  copper  and  alumina : 
the  section  is  so  obscure  that  I  could  not  make  out 
whether  this  vein  or  stratum  occurred  in  the  gypseous 
formation,  or  more  probably  in  some  underlying  masses 
[A],  which  I  believe  are  altered  clay-slate. 

Second  Axis  of  Elevation. — After  the  gypseous 
masses  [B],  we  cQme  to  a  line  of  hills  of  unstratified 
porphyry  [C],  which  on  their  east«m  side  blend  into 
strata  of  great  thickness  of  porphyritic  conglomerate, 
dipping  eastward.  This  latter  formation,  however,  here 
has  not  been  nearly  so  much  metamorphosed  as  in  most 
parts  of  central  Chile ;  it  is  composed  ot  beds  of  true 
purple  clayatone  porphjTy,  repeatedly  alternating  with 
thick  beds  of  purplish-red  conglomerate  with  the  well- 
rounded,  large  pebbles  of  various  porphyries,  not  blended 
together.  , 

Third  Axis  of  Elevation. — Near  the  ravine  of  Los 
Homitoa,  there  is  a  well-marked  line  of  elevation, 
extending  for  many  miles  in  a  NNE.  and  SSW.  direc- 
tion, with*  the  strata  dipping  in  most  parts  (as  iu  the 
second  axis)  only  in  one  direction,  namely,  eastward  at 
an  average  angle  of  between  30°  and  4(F.  Close  to  the 
month  of  the  valley,  however,  there  is,  as  represented 
in  the  section,  a  sti'ep  and  high  mountain  [D],  composed 
of  various  green  and  brown  intrusive  porphyries  en- 
veloped with  strata,  apparently  belonging  to  the  upper 
ports  of  the  porphyritic  conglomerate,  and  dipping 
>  If  eyen'B  •  Beise,'  tc.  Ih.  1,  •.  8H. 
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both   eastward   and   westward.     I   will    describe    the 
section  seen  on  the  eastern  side  of  this  mountain  [D]]y 
beginning  at  the  base  with  the  lowest  bed  visible  in 
the  porphyritic  conglomerate,  and  proceeding  upwards 
through  the  gypseous  formation.     Bed  (1)  consists  of 
reddish  and  brownish  porphyry  varying  in  characteT, 
and  in  many  parts  highly  amygdaloidal  with  carbonate 
of  lime,  and  with  bright  green  and  brown  bole.     Its 
upper  surface   is   throughout  clearly  defined,  but  the 
lower  surface  is  in  most  parts  indistinct,  and  towards 
the  summit  of  the  mountain  [D]  quite  blended  into 
the  intrusive  porphyries.     Bed  (2),  a  pale  lilac,  hard 
but  not  heavy  stone,  slightly  laminated,  including  small 
extraneous  fragments,  and  imperfect  as  well  as  some 
perfect  and  glassy  crystals  of  feldspar;    from  150  to 
200  feet    in    thickness.     When   examining  it  in  siht, 
I  thought  it  was   certainly  a  true  porphyry,  but  my 
specimens  now  lead  me  to  suspect  that  it  possibly  may 
be  a  metamorphosed  tuff.     From  its  colour  it  could  be 
traced  for  a  long  distance,  overlying  in  one  part,  quite 
conformably  to  the  porphyry  of  bed  1,  and  in  another 
not  distant  part,  a  very  thick  mass  of  conglomerate, 
C3om posed  of  pebbles  of  a  porphyry  chiefly  like  that  of 
bed  1 :  this  fact  shows  how  the  nature  of  the  bottom 
formerly  varied  in  short  horizontal  distances.     Bed  (3), 
white,  much  indurated  tuff,  containing  minute  pebbles, 
broken    crystals,  and    scales  of  mica,  varies  much   in 
thickness.     This    bod    is    remarkable  from  containing 
many  globular  and  pear-shaj^ed,  externally  rusty  balls, 
from   the   size  of  an  apple  to  a  man's  head,  of  very 
tough,  slate-coloured  por}>hyry,  with  imperfect  crystals 
of  feldspar :  in  shape  these  balls  do  not  resemble  pebbles, 
a7}d  I  believe  that   they  are  subaqiieous  volcanic  bombs i 
they    differ   from    suhaenal  bombs   only  in  not  being 
vesicular.     Bed  (4),  a  dull  purplish-red,  hard  oonglo- 
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merate,  with  crystallised  pnrticleB  and  veins  of  carbonate 
of  lime,  from  300  to  400  feet  in  thickness.  The 
pebbles  are  of  claystone  porphyries  of  many  vaiietiea  ; 
they  are  tolerably  well  rounded,  and  vary  in  si/.e  from 
a  large  apple  to  a  man's  heud.  This  bed  includes 
three  layftre  of  coarse,  black,  calcareous,  somewhat 
slaty  rock :  the  upper  part  passes  into  a  compact  red 
sandstone. 

In  a  formation  so  highly  variable  in  mineralogical 
natnre,  any  division  not  founded  on  fossil  remains, 
mast  be  extremely  arbitrary :  nevertheless,  the  beds 
below  the  last  conglomerate  may,  in  accordance  with 
all  the  sections  hitherto  described,  be  considered  as 
belonging  to  the  porphyritic  conglomerate,  and  those 
above  it  to  the  gypseous  formation,  marked  [E]  in  the 
section.  The  part  of  the  valley  in  which  the  following 
beds  are  seen  is  near  Potrero  Seco.  Bed  (5),  compact, 
fine-grained,  pale  greenish-gray,  non-calcareons,  indu- 
rated mudstone,  easily  fusible  into  a  pale  green  and 
Ivhite  glass.  Bed  (6),  purplish,  coarse-grained,  hard 
sandstone,  with  brok<'n  crystals  of  feldspar  and  crystal- 
lised particles  of  carbonate  of  lime ;  it  possesses  a 
slightly  nodular  structure.  Bed  (7),  blackish-gray, 
much  indnrated,  calcareous  mudstone,  with  extraneous 
particles  of  unequal  size;  the  whole  being  in  parts 
finely  brecciated.  In  this  mass  there  is  a  stratum,  twenty 
feet  in  thickness,  of  impure  gypsom.  Bed  (8),  a 
greenish  mudstone,  with  several  layersof  gypsum.  Bed 
(9),  a  highly  indurated,  easily  fusible,  white  tuff,  thickly 
mottled  with  ferruginous  matter,  and  including  some 
white  semi-porcellnnic  layers,  which  are  interlaced  with 
ferrnginoua  veins.  This  stone  closely  resembles  some 
of  the  commonest  varieties  in  the  Uspallata  chain. 
Bed  (10),  a  thick  bed  of  rather  bright  green,  indurated 
mudstone  or  tuff,  with  a  concretionary  nodolar  structure 
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iy/:;.;/'/'/r^i  ^5  carv-,..'iVr  r.:  l.ntr  ar.'J  :r:ii  w::h  dmsy 
c;i.iV-r';  ;ir.'yJ  •/.■•:i  fy^vrTr^rrT^r,!^.^..  Brd  (12:. dull  pur- 
[/■-}.  or  'jrr-/'r/:'h  or  'iark-sr^iv.  rery  ooEpact  and  much 
if;'j  ir;*t/:'J  r;. -.'i-T '.:.*; :  e-ritLa*^^  at  1. -:••.".'  f*rer  in  thick- 
j. '  . :  if.  ■//:.'.■;  J .  :.r.  -  t  h  i  =i  rook  a < = !! ?r. -^^^  the  ch aract  er  of 
fiJi  J.'fi ;/'::*'•:';•  f/y-r-"':  olav-slate :  but  viewed  cnder  a  lens. 
t.}.';  f/.j  .•  riiAJiy-  hfi.--  a  mrrrled  ap[>;rarar*ce,  with  the 
••A'/*:-".  f,\  t),ir  iii'iiiUUt  component  particles  blending  to- 
^'«-tliiT.  J'.'ift-:  .'Iff;  cfilo-anrous.  and  th«^ re  are  numerous 
V'ifi.'.  of  lji;'j.ly  cryj-talline  carV'nat*:^  of  lime  charged 
with  iron.  'J'h«;  rrifir-H  ha.s  a  n<'><]ular  structure,  and  is 
#liviM''l  by  r;iily  a  fpjw  planf'S  of  stratification:  there 
/in^,  }i'>w«:y*T,  two  hiyfrs,  each  aViout  eighteen  inches 
tlii<L',  of  a  dark  brown,  finor-f^rained  stone,  having  a 
ronrhoid.il,  wini-pom'llanic  fnicture,  which  can  be 
followiMl  wifli  th(^  eye  for  some  miles  across  the  country. 
I  briii'vn  this  liust  great  bed  is  covered  by  other 
ni'Mi  ly  Hiiiiihir  altcTiiations  ;  but  the  section  is  here 
filru'iin'd  liy  a  tilt  from  the  next  porphyritic  chain, 
pri:iriifly  to  Im^  drscribed.  I  have  given  this  section  in 
ilrhiil,  us  iM'iiig  illustrative  of  the  general  character  of 
tlip  iiiniiii(:iiiis  ill  this  neighbourhood;  but  it  must  not 
bi*  snppori.'d  tliiit.  any  one  stratum  long  preserves  the 
Htm  11^  cIwirMi'lcr.  At  a  distance  of  between  only  two  and 
Ihrn*  mill's,  tin*  gnvn  mudstones  and  white  indurated 
tnll'H  II n«  to  a  great  extent  replaced  by  red  sandstone 
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and  black  calcareous  Bhaly  rocks,  alternating  together. 
The  white  indurated  tuff,  bed  (11),  here  contains  little 
or  no  gj'psnm,  whereas  on  the  northern  and  opposita 
side  of  the  valley,  it  is  of  much  greater  thickness  and 
abounds  with  layers  of  gypsum,  some  of  them  alterna- 
ting with  thin  seams  of  crystalline  carbonate  of  lime. 
The  uppermost,  dark  coloured,  hard  mudstone  (bed  12) 
is  in  this  neighbourhood  the  moat  constant  stratum. 
The  whole  series  differs  to  a  considerable  extent, 
especially  in  its  upper  part,  from  that  met  with  at 
[B  B],  in  the  lower  part  of  the  valley ;  nevertheless,  I 
do  not  donbt  that  they  are  equivalents. 

Fovrlk  Axis  of  Elevation  (Valtey  of  Copiapo). — 
This  axis  is  formed  of  a  chain  of  mountains  [F],  of 
which  the  centra!  masses  (near  La  Pnnta)  confiist  of 
andemte  containing  green  hornblende  and  coppery  mica, 
and  the  outer  masses  of  greenish  and  black  porphyries, 
together  with  some  fine  lilac-coloured  clay-stone  por- 
phyry ;  all  these  porphyries  being  injected  and  broken 
np  by  small  hummocks  of  andesite.  The  central  great 
mass  of  this  latter  rock,  is  covered  on  the  eastern  side 
by  a  black,  fine-grained,  highly  micaceous  slate,  which, 
together  with  the  succeeding  mountains  of  porphyry, 
are  traversed  by  numerous  white  dikes,  branching  from 
the  andesite,  and  some  of  them  extending  in  straight 
lines,  to  a  distance  of  at  least  two  miles.  The  mountains 
of  porphyry  eastward  of  the  micaceous  schist  soon,  but 
gradually,  assume  (as  observed  in  so  many  other  caxes) 
a  stratified  structure,  and  can  then  be  recognised  as  a 
part  of  the  porphyritic  conglomerate  formation.  These 
strata  [G]  are  inclined  at  a  high  angle  to  the  SE.,  and 
form  a  mass  from  1,500  to  2,000  feet  in  thickness. 
The  gypseous  masses  to  the  west  already  described,  dip 
directly  towards  this  Fzis,  with  the  strata  only  in  a  few 
places  (one  of  which   is  represented  in   the  section) 
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thrown  from  it ;  hence  this  fourth  axis  is  mainly 
nniclinal  towards  the  SE.,  and  just  like  our  third  axis, 
only  locally  anticlinal. 

The  above  strata  of  porphyritic  conglomerate  [6] 
with  their  south-eastward  dip,  come  abruptly  up  against 
beds  of  the  gypseous  formation  [H],  which  are  gently, 
but  irregularly,  inclined   westward:    so  that  there  is 
here  a  synclinal  axis  and  great  fault.     Farther  up  the 
valley,  here  ninning  nearly  north  and  south,  the  gypse- 
ous formation  is  prolonged  for  some  distance ;  but  the 
stratification  is  unintelligible,  the  whole  being  broken 
up  by  faults,  dikes,  and  metalliferous  veins.     The  strata 
consist  chiefly  of  red  calcareous  sandstones,  with  nume- 
rous veins,  in  the  place  of  layers,  of  gypsum  ;  the  sand- 
stone is  associated  with  some  black  calcareous  slate-rock, 
and  with  green  pseudo-honestones,  passing  into  porce- 
lain-jasper.    Still  farther  up  the  valley,  near  Las  Amo- 
lanas  [I],    the   gj^pseous  strata  become  more  regular, 
dipping  at  an  angle  of  between  30°  and  40°  to  WSW., 
and  conformably  overlying,  near  the  mouth  of  the  ravine 
of  Jolquera.  strata  [K]  of  porphyritic  conglomerate.  The 
whole  series  has  been  tilted  by  a    partially  concealed 
axis  [L],  of  granite,  andesite,  and  a  granitic  mixture 
of  white  feldspar,  quartz,  and  oxide  of  iron. 

IP'iJOi  Axis  of  Elevaiion  (^Valley  of  Cojnapo^  near 
Las  Amolamisy — I  will  describe  in  some  detail  the 
beds  [I]  seen  here,  which,  as  just  stilted,  dip  to  WSW., 
at  an  angle  of  from  30°  to  40°.  I  had  not  time  to 
examine  the  underlying  porphyritic  conglomerate,  of 
which  the  lowest  beds,  as  seen  at  the  mouth  of  the 
Jolquera,  are  highly  compact,  with  crystals  of  red  oxide 
of  iron ;  and  I  am  not  prepared  to  say  whether  they 
are  chiefly  of  volcanic  or  metamorpliic  origin.  On 
these  beds  there  rests  a  coarse  purplish  conglomerate, 
very    little    metamorphosed,  composed   of  pebbles   of 
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porphyry,  but  remarkable  from  confaining  one  pebble 
of  granite ; — of  which  fact  no  instance  has  occurred  in 
the  sections  hitherto  described.  Above  this  conglome- 
rate, there  is  a  black  siliceons  clay-stoce,  and  above  it 
numerous  alternations  of  dark-purplish  and  green  por- 
phyries, which  may  be  considered  as  the  uppermost 
liiuit  of  the  porphyritic  conglomerate  formation. 

Above  these  porphyries  comes  a  coarse,  arenaceous 
conglomerate,  the  lower  half  white  and  the  upper  half 
of  a  pink  colour,  composed  chiefly  of  pebbles  of  varioua 
porphyries,  but  with  some  of  red  sandstone  and  jaspery 
rocks.  In  some  of  the  more  areuaceous  parts  of  the 
conglomerate,  there  was  an  oblique  or  current  lamina- 
tion ;  a  circumstance  which  I  did  not  elsewhere  observe. 
Above  this  conglomerate,  there  is  a  vast  thickness  of 
thinly  stratified,  pale-yellowish,  siliceous  sandstone, 
passing  into  a  granular  qnartz-rock,  used  for  grindstones 
(hence  the  name  of  the  place  Lax  Amolanas),  and 
certainly  belonging  to  the  gypseoos  formation,  as  does 
probably  the  immediately  underlying  conglomerate. 
In  this  yellowish  sandstone  there  are  layers  of  white 
and  pale-red  siliceous  conglomerate;  other  layers  with 
small,  well-rounded  pebbles  of  white  quarts,  like  the 
bed  at  the  R.  Claro  at  Coqnimbo ;  others  of  a  greenish, 
fine-grained,  less  siliceoas  stone,  somewhat  resembling 
the  pseudo-honestones  lower  down-  the  valley ;  and 
lastly,  others  of  a  black  calcareous  sbale-rock.  In  one 
of  the  layers  of  conglomerate,  there  was  embedded  a 
fragment  of  mica^slate,  of  which  this  is  the  first  instance ; 
hence,  perhaps,  it  is  from  a  formation  of  mica-slate, 
that  the  numerous  email  pebbles  of  quartz,  both  here 
and  at  Coquimbo,  have  been  derived.  Not  only  does 
the  siliceous  sandstone  include  layers  of  the  black, 
thinly  stratified,  not  fissile,  calcareous  shale-rock,  but 
in  one  place  the  whole  mass,  especially  the  upper  part, 
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was,  in  a  marvelloasly  short  horizontal  distance,  after 
frequent  alternations,  replaced  by  it.  When  this 
occurred,  a  mountain-mass,  several  thousand  feet  in 
thickness,  was  thus  composed  ;  the  black  calcareoas 
shale- rock,  however,  always  included  some  layers  of  the 
pa]3-yellowish  siliceous  sandstone,  of  the  red  conglome- 
rate, and  of  the  greenish  jaspery  and  pseudo-honestone 
varieties.  It  likewise  included  three  or  four  widely 
separated  layers  of  a  brown  limestone,  abounding  with 
shells  immediately  to  be  described.  This  pile  of  strata 
was  in  parts  traversed  by  many  veins  of  gypsum.  The 
calcareous  shale-rock,  though  when  freshly  broken  quite 
black,  weathers  into  an  ash-colour;  in  which  respect 
and  in  general  appearance,  it  perfectly  resembles  those 
great  fossiliferous  beds  of  the  Peuquenes  range,  alterna- 
ting with  gypsum  and  red  sandstone,  described  in  the 
last  chapter. 

The  shells  out  of  the  layers  of  brown  limestone,  in- 
cluded in  the  black  calcareous  shale-rock,  which  latter, 
as  just  stated,  replaces  the  white  siliceous  sandstone, 
consist  of — 

Pecten  Dufreynoyi,  d'Orbig.  *  Voyage,  Part.  PaL* 
Turritella  Andii,  do. 

Reliitious  given  in  the  list  from  Coquimbo. 

Astarte  Darwinii,  E.  Forbes,  PL  V.  figs.  22,  23. 
Gryphaoa  Darwinii,  do.  PI.  V.  fig.  7. 

An  intermediate  form  between  G.  gigantea  and  G.  incurva. 

Grypha^a,  nov.  spec.  ?  do.  PL  V.  figs.  8  and  9. 
Perna  Americana,  do.  PL  V.  figs.  4,  5,  6. 
Avicula,  nov.  spec. 

Considered  by  Mr.  G.  B.  Sowerby  as  the  A.  echinata,  by  M. 
d'Orbigny  as  certainly  a  new  and  distinct  gpecies,  having  a  Jurassio 
aspect.    1  he  specimen  has  been  unfortonately  lost. 
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Terebratula  a3nigma,  d'Orbig,  (var.  of  do.  B.  Forbes, 
PI.  V.  figs.  13,  U). 

This  ie  the  eame  variety,  with  that  from  Guasco,  considered  by 
H .  d'Orbijnij  to  be  adistiuot  epeciea  Erom  hia  T,  eemgina,  and  related 
to  T.  obsoleta. 

Plagiostoma  and  Ammonites,  fragments  of. 

The  lower  layers  of  the  limestone  contained  thou- 
sands of  the  Gryphfea;  and  the  upper  ones  as  many 
of  the  Turritella,  with  the  Gryphjea  (nov.  spec.)  and 
Serpulee  adhering  to  them ;  in  all  the  layers,  the  Tere- 
bratula and  fragments  of  the  Fecten  were  included. 
It  was  evident,  from  the  manner  in  which  the  species 
were  grouped  together,  that  they  had  lived  where  now 
embedded.  Before  making  any  further  remarks,  I  may 
state,^  that  higher  up  this  same  valley  we  shall  again 
meet  with  a  similar  association  of  shells ;  and  in  the 
great  Despoblado  Valley,  which  branches  off  near  the 
town  from  that  of  Copiapo,  the  Pecten  Dufreynoyi, 
some  Gryphites  (I  believe  G.  Darwinii),  and  the  kva 
Terebratula  (enigma  of  d'Orbigny  were  found  together 
in  an  equivalent  formation  as  will  be  hereafter  seen. 
A  specimen  also,  I  may  add,  of  the  true  T.  cenigma, 
was  given  me  from  the  neighbourhood  of  the  famous 
silver  mines  of  Ghanuncillo,  a  little  south  of  the  valley 
of  Copiapo,  and  these  mines,  from  their  posit'on,  I  have 
DO  doubt,  lie  within  the  great  gypseous  formation :  the 
rocks  close  to  one  of  the  silver  veins,  judging  from 
fragments  shown  me,  resemble  those  singnlar  meta- 
morphosed deposits  from  the  mining  district  of  Arqueros 
near  Coquimbo. 

I  will  reit«rat«  the  evidence  on  the  nsaociation  of 
these  several  shells  in  the  several  localities. 
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Coquimbo. 

Pecten  Dufrcynoyi 

Ostrea  bomispherica      j    ^  ^^  ^    jj,^ 

Tcrebra'u].a  HMu^ma  * 

Spirifer  linguiferoides, 

Hippurites  Chilcnsis    l„„^«i^,i  ^^^.^  a.^^^^-^ 
,,^x  .1-        }- same  bed,  near  Arqueroa. 

Gryphu:a  onentalis      j  ^ 

Terebratula  acnigma    )  in  same  block 
ifrnaciana  )    of  limestone. 


Pecten  Dnfreviiovi 
Ostrea  liemi>pht'rica 
liippuritcs  Chilcnsis 
Turritella  Andii 
Nautilus  Domeykus 


Pecten  Dufrcynoyi 
Turritella  Andii 
Terubratula  i^n<iciana 

aenigma,  var. 

Hpirifer  Chilcnsis. 


Collected  byM.  Domeyko 
from  the  same  localitj, 
apparently  near  Arque- 
ros. 


Ouasco, 


In  a  collection  from  the  Cordillerap 
given  me:  the  specimens  all  in  tho 
sumo  condition. 


Copiapo, 

Peoten  Dufrcynoyi 

I'urritella  Andii 

Terebratula  leiiipma,  var.  as  at  Guasco 

Astarte  Darwinii 

Gryphaea  Darwinii 

nov.  8j)ec.  ? 

Pcma  Americana 
Avicala,  nov.  s|>ec. 


Mingled  together  in  alter- 
iiatin;z  beds  in  the  main 
valley  of  Copiapo  near 
Las  Amolanas,  and  like- 
wise  higher  up  the  valley. 


Terebratula  asnigma  (true) 

Terebratula  jcnigma  (true) 
Pecten  Dufreynoyi 
Gryphaea  Darwinii? 


{Main  valley  of  Copiapo,  apparently 
same  formation  with  that  of 
Ainulanas. 

In  the  same  bed,  high  up  the  great 
latenil  vidley  of  the  Despoblado, 
in  the  ravine  of  Maricongo. 


)ln1 
)     n 


Considering  this  table,  I  think  it  is  impossible  to 
doubt  that  all  these  fossils  belong  to  the  same  formation. 
If,  however,  the  species  from  Las  Amolanas,  in  the 
Valley  of  Copiapo,  had,  as  in  the  case  of  those  from 
Guasco,  been  so])arately  examined,  they  would  probably 
have  been  ranked  as  oolitic ;  for,  although  no  Spirifera 
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were  fouad  here,  all  the  other  species,  with  the  ezcep- 
tioa  of  the  Pecten,  Tarrltella,  and  Astarte,  have  a  mora 
ancient  aspect  thau  cretaceaoB  forms.  Oa  the  other 
huid,  taking  into  occoant  the  evidence  derived  from 
the  cretaceous  character  of  these  three  shells,  and  of 
the  Hipparites,  Grypheea  orientalis,  and  Ostrea,  from 
Coquimbo,  we  are  driven  back  to  the  provisional  name 
already  used  of  cretaceo-oolitic.  From  geological 
evidence,  I  bolieve  this  formation  to  he  the  equiva- 
lent of  the  Neocomian  beds  of  the  Cordillera  of  Central 
Chile. 

To  return  to  onr  section  near  Las  Amolanas : — 
Above  the  yellow  ailiceooa  sandstone,  or  the  equivalent 
calcareous  slate-rock,  with  ita  bands  of  fcssil-shells, 
according  as  the  one  or  the  other  prevails,  there  is 
a  pile  of  strata,  which  cannot  be  less  than  from  2,000 
to  3,000  feet  in  thickness,  in  main  part  composed  of 
a  coarse,  bright,  red  conglomerate,  with  many  inter- 
calated beds  of  red  sandstone,  and  some  of  green  and 
other  coloured  porcelain-jaapery  layers.  The  included 
pebbles  are  well  rounded,  varying  from  the  size  of  an 
egg  to  that  of  a  cricket-ball,  with  a  few  larger ;  and 
they  consist  chiefly  of  porphyries.  The  basis  of  the 
conglomerate,  as  welt  as  some  of  the  alternating  thin 
beds,  are  formed  of  a  red,  rather  harsh,  easily  fusible 
sandstone,  with  crystalline  calcareoos  particles.  This 
whole  great  pile  is  remarkable  from  the  thoasanda  of 
hnge,  embedded,  silicified  trunks  of  trees,  one  of  which 
was  eight  feet  long,  and  another  eighteen  feet  in  cir- 
cumference :  how  marvellous  it  is,  that  eveiy  vessel  in 
so  thick  a  mass  of  wood  should  have  been  converted 
into  silex  1  I  bronght  home  many  specimens,  and  all  of 
them,  according  to  Mr.  K.  Brown,  present  a  coniferooa 
Btmctnre. 

Above  this  great  conglomerate,  we  have  from  200  to 
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800  feet  in  thickness  of  red  sandstone ;  and  above  thia, 
a  stratum  of  black  calcareous  slate-rock,  like  that 
which  alternates  with  and  replaces  the  underlying 
yellowish  white,  siliceous  sandstone.  Close  tx>  the 
junction  between  this  upper  black  slato-rock  and  the 
upper  red  sandstone,  I  found  the  Oryphcea  Darwiniij 
the  TurriteUa  Andii^  and  vast  numbers  of  a  bivalve, 
too  imperfect  to  be  recognised.  Hence  we  see  that,  as 
far  as  the  evidence  of  these  two  shells  serves — and  the 
TurriteUa  is  an  eminently  characteristic  species^ — the 
whole  thickness  of  this  vast  pile  of  strata  belongs  to 
the  same  age.  Again,  above  the  last-mentioned  upper 
red  sandstone,  there  were  several  alternations  of  the 
black,  calcareous  slate-rock ;  but  I  was  unable  to  ascend 
to  them.  All  these  uppermost  strata,  like  the  lower  ones, 
vary  extremely  in  character  in  short  horizontal  distances. 
The  gypseous  formation,  as  here  seen,  has  a  coarser, 
more  mechanical  texture,  and  contains  much  more 
siliceous  matter  than  the  corresponding  beds  lower 
down  the  valley.  Its  total  thickness,  together  with  the 
upper  beds  of  the  porphyritic  conglomerate,  I  estimated 
at  least  at  8,000  feet ;  and  only  a  small  portion  of  the 
porphyritic  conglomerate,  which  on  the  eastern  flank  of 
the  fourth  axis  of  elevation  appeared  to  be  from  1,500 
to  2,000  feet  thick,  is  here  included  As  corroborative 
of  the  great  thickness  of  the  gypseous  formation,  I 
may  mention  that  in  the  Despoblado  Valley  (which 
branches  from  the  main  valley  a  little  above  the  town 
of  Copiapo)  I  found  a  corresponding  pile  of  red  and 
white  sandstones,  and  of  dark,  calcareous,  semi-jaspery 
mudstones,  rising  from  a  nearly  level  surface  and 
thrown  into  an  absolutely  vertical  position ;  so  that,  by 
pacing,  I  ascertained  their  thickness  to  be  nearly  2,700 
feet ;  taking  this  as  a  standard  of  comparison,  I  esti« 
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mated  the  thickneBa  of  the  strata  above  the  porphyritio 
conglomerate  at  7,000  feet. 

The  foeslls  before  enumerated,  from  the  limeetone- 
layers  in  the  whitish  siliceons  sandstone,  are  now 
covered,  on  the  least  computation,  by  etrota  irom  5,000 
to  6,000  feet  in  thickness.  Professor  E.  Forbes  thinks 
that  these  shells  probably  lived  at  a  depth  of  from  abont 
thirty  to  forty  fathoms,  that  is  from  180  to  240  feet; 
anyhow,  it  is  impossible  that  they  conld  have  lived  at 
the  depth  of  from  5,000  to  6,000  feet.  Hence  in  this 
case,  as  in  that  of  the  Pnente  del  Inca,  we  may  safely 
conclude  that  the  bottom  of  the  sea  on  which  the  shells 
lived,  snbsided,  so  as  to  receive  the  superincumbent 
submarine  strata :  and  this  sabsidence  must  have  taken 
place  during  the  existence  of  these  shells ;  for,  as  I 
have  shown,  some  of  them  occnr  high  op  as  well  aa  low 
down  in  the  series.  That  the  bottom  of  the  eea  sob- 
sided,  is  in  harmony  with  the  presence  of  the  layers  of 
coarse  well-ronnded  pebbles  included  thronghont  thia 
whole  pile  of  strata,  as  well  as  of  the  great  upper  mass 
of  conglomerate  from  2,000  to  3,000  feet  thick ;  for 
coarse  gravel  conld  hardly  have  been  formed  or  spread 
ont  at  the  profound  depths  indicated  by  the  thickness 
of  the  strata.  The  subsidence,  also,  mnst  have  been 
slow  to  have  allowed  of  this  often-recnrrent  spreading 
ont  of  the  pebbles.  Moreover,  we  shall  presently  see 
that  the  surfaces  of  some  of  the  streams  of  porphyritio 
lava  beneath  the  gypseons  formation,  are  so  highly 
amygdaloidal  that  it  is  scarcely  possible  to  believe  that 
tbey  flowed  under  the  vast  presenre  of  a.  deep  ocean. 
The  conclusion  of  a  great  subsidence  during  the  exist- 
ence of  these  cretaceo-oolitic  fossils,  may,  I  believe, 
be  extended  to  the  district  of  Coqnimbo,  although 
owing  to  the  fossiliferons  beds  there  not  being  directly 
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covered  by  the  upper  gypseous  strata,  which  in  the 
section  north  of  the  vallev  are  about  6,000  feet  in  thick* 
ness,  I  did  not  there  insist  on  this  conclusion. 

The  pebbles  in  the  above  conglomerates,  both  in 
the  upper  and  lower  beds,  are  all  well  rounded,  and, 
though  chiefly  composed  of  various  porphyries,  there 
are  some  of  red  sandstone  nnd  of  a  jaspery  stone,  both 
like   the   rocks   intercalated   in   layers   in   this  same 
gypseous  formation  ;  there  was  one  pebble  of  mica-slate 
and  some  of  quartz,  together  with  many  particles  of 
quartz.    In  these  respects  there  is  a  wide  difference 
between  the  gypseous  conglomerates  and  those  of  the 
porphyri tic- conglomerate   formation,  in   which   latter, 
angular    and    rounded    fragments,  almost  exclusively 
composed   of  porphyries,  are   mingled   together,  and 
which,  as  already  often  remarked,  probably  were  ejected 
from  craters  deep  under  the  sea.     From  these  facts  I 
conclude,  that  during  the  formation  of  the  conglome- 
rates, land  existed  in  the  neighbourhood,  on  the  shores 
of  which  the  innumerable  pebbles  were  rounded  and 
thence  dispersed,  and  on  which  the  coniferous  forests 
flourished — for  it  is  improbable  that  so  many  thousand 
logs  of  wood  should  have  been  drifted  from  any  great 
distance.     This  land,  probably  islands,  must  have  been 
mainly  formed   of  porj^hyries,  with   some   mica-slate, 
whence  the  quartz  was  derived,  nnd  with  some  red  sand- 
stone and  jaspery  rocks.     This  latter  fact  is  important, 
as  it  shows  that  in  this  district,  even  previously  to  the 
deposition  of  the  lower  gypseous  or  cretaceo-oolitic  beds, 
strata  of  an  analogous  nature  had  elsewhere,  no  doubt 
in  the  more   central    ranges   of  the   Cordillera,  been 
elevated ;  thus  recalling  to  our  minds  the  relations  of 
the  Cumbre  and   Uspallata   chains.      Having  already 
referred  to  the  great  lateral  valley  of  the  Despoblado, 
I  may  mention  that  above  the  2,700  feet  of  red  and 
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white  sandstone  and  dark  mudBtone,  Uiere  is  a  vast 
maes  of  coarse,  bard,  red  conglomerate,  some  thonsand 
feet  in  thickness,  which  contains  mach  silicified  wood, 
and  evidently  coTresponds  with  the  great  upper  con- 
glomerate at  Las  Amolanas :  here,  however,  the  con- 
glomerate consists  almost  exclusively  of  pebbles  of 
graBite,  and  of  disintegrated  crystals  of  reddish  feldspar 
and  quartz  firmly  recemented  together.  In  this  case, 
we  may  conclude  that  the  land  whence  the  pebbles  were 
derived,  and  on  which  the  now  silicified  trees  once 
fiourished,  was  formed  of  granite. 

The  mountains  near  Las  Amolanas,  composed  of 
the  cretaceo-oolitic  strata,  are  interlaced  with  dikes  like 
a  spider's  web,  to  an  extent  which  I  have  never  seen 
equalled,  except  in  the  denuded  interior  of  a  volcanio 
crater :  north  and  south  lines,  however,  predominate. 
These  dikes  are  composed  of  green,  wbite,  and  blackish 
rocks,  all  porphyritic  with  feldspar,  and  often  with 
large  crystals  of  hornblende.  The  white  varieties 
approach  closely  in  character  to  aodesite,  which  com- 
poses, as  we  have  seen,  the  injected  axes  of  so  many  of 
the  lines  of  elevation.  Some  of  the  green  varieties  are 
finely  laminated,  parallel  to  the  walls  of  the  dikes. 

SixGi  Axi$  of  EUiiation  {Valley  of  Copiapd). — 
This  axis  consiste  of  a  broad  mountainous  mass  [OJ  of 
andesite,  composed  of  albite,  brown  mica,  and  chlorite, 
passing  into  a^deeitic  granite,  with  quartz :  on  its 
western  side  it  has  thrown  off,  at  a  considerable  angle, 
a  thick  mass  of  stratified  porphyries,  including  much 
epidote  [N  N],  and  remarkable  only  from  being  divided 
into  very  thin  beds,  as  highly  amygdaloidal  oa  their 
snrfaces  as  sub-aSrial  lava-streams  are  oft«n  vesicular. 
This  porphyritic  formation  is  conformably  covered,  as 
seen  some  way  np  the  ravine  of  Jolquera,  by  a  mere 
lemnant   of   the  lower   part    of   the    cretaceo*oolitio 
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formation  [M  M],  which  in  one  pari  encases,  as  repre- 
sented in  the  coloured  section,  the  foot  of  the  andesitio 
axis  [L],  of  the  already  described  fifth  line,  and  in 
another  part  entirely  conceals  it :  in  this  latter  case, 
the  gypseoQS  or  cretaceo-oolitic  strata  falsely  appeared 
to  dip  under  the  porphyritic  conglomerate  of  the  fiffch 
axis.  The  lowest  bed  of  the  gypseoos  formation,  as 
seen  here  [II],  is  of  yellowish  siliceous  sandstone,  pre- 
cisely like  that  of  Amolanas,  interlaced  in  parts  with 
Teins  of  gypsum,  and  including  layers  of  the  black, 
calcareous,  non-fissile  slate-rock :  the  IVrrifefla  Aniii^ 
Peden  Dufreynoyij  Terei/raitda  cenignuij  vcar.  and 
some  Gryphites  were  embedded  in  these  layers.  The 
sandstone  varies  in  thickness  from  only  twenty  to  eighty 
feet ;  and  this  variation  is  caused  by  the  inequalities  in 
the  upper  surface  of  an  underlying  stream  of  purple 
clay-stone  porphyry.  Hence  the  above  fossils  here  lie 
at  the  very  base  of  the  gypseous  or  cretaceo-oolitic 
formation,  and  hence  they  were  probably  once  covered 
up  by  strata  about  7,000  feet  in  thickness  :  it  is,  how- 
ever, possible,  though  from  the  nature  of  all  the  other 
sections  in  this  district  not  probable,  that  the  por- 
phyritic clay-stone  lava  may  in  this  case  have  invaded  a 
higher  level  in  the  series.  Above  the  sandstone  there 
is  a  considerable  moss  of  much  indurated,  purplish- 
black,  calcareous  clay-stone,  allied  in  nature  to  the 
often-mentioned  black  calcareous  slate-rock. 

Eastward  of  the  broad  audesitic  axis  of  this  sixth 
line,  and  penetrated  by  many  dikes  from  it,  there  is 
a  great  formation  [P]  of  mica-schist,  with  its  usual 
variations,  and  passing  in  one  part  into  a  ferruginous 
quartz-rock.  The  folio  are  curved  and  highly  inclined, 
generally  dipping  eastward.  It  is  probable  that  this 
mica-schist  is  an  old  formation,  connected  with  the 
granitic  rocks  and  metamorphic  schists  near  the  coast ; 
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and  that  the  one  fragment  of  mica-slate,  and  the  pebbles 
of  qnartz  tow  down  ia  the  gypseooB  formation  at  Las 
Amolanas,  have  been  derired  from  it.  The  mica-schist 
LB  sacceeded  by  stratified  porphyritic  conglomerate  [Q] 
of  great  thickness,  dipping  eastward  with  a  high  in- 
clination: I  have  included  this  latter  mountain-mass 
in  the  same  anticlinal  axis  with  the  porphyritic  streams 
[N  N] ;  bnt  I  am  far  from  sure  that  the  two  masses 
may  not  have  been  independently  upheaved. 

Seventh  Axii  of  ElevaHon. — Proceeding  up  the 
ravine,  we  come  to  another  mass  [B]  of  andesite ;  and 
beyond  this,  we  again  have  a  very  thick,  stratified  por- 
phyritio  formation  [Sj,  dipping  at  a  small  angle  east- 
ward, and  forming  the  basal  part  of  the  main  Cordillera. 
I  did  not  ascend  the  ravine  any  higher;  but  here, 
near  Castano,  I  examined  several  sections,  of  which  I 
will  not  give  the  details,  only  observing,  that  the  por- 
phyritic beds,  or  snbmarine  lavas,  preponderate  greatly 
in  bnlk  over  the  alternating  sedimentary  layers,  which 
have  been  but  little  metamorphosed  :  these  latter  con- 
sist of  fine-grained  red  tads  and  of  whitish  volcanic 
grit-stones,  together  with  much  of  a  singular,  compact 
rock,  having  an  almost  crystalline  basis,  finely  brec- 
ciated  with  red  and  green  fragments,  and  occasionally 
inclnding  a  few  large  pebbles.  The  porphyritic  lavas 
are  highly  omygdaloidal,  both  on  their  apper  and 
lower  surfaces ;  they  consist  chiefly  of  clay-stone  por- 
phyry, bnt  with  one  common  variety,  like  some  of  the 
streams  at  tbe  Puente  del  Inca,  having  a  gray  mottled 
basis,  abounding  with  crystals  of  red  hydrons  oxide  of 
iron,  green  ones  apparently  of  epidote,  and  a  few  glassy 
ones  of  feldspar.  This  pile  of  strata  difiers  consider- 
ably from  the  basal  strata  of  the  Cordillera  in  Central 
Chile,  and  may  possibly  belong  to  the  upper  and 
gypseous  series:  I  saw,  however,  in  the  bed  of  the 
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valley,  one  fragrnent  of  porphyridc  breocia-conglome* 
rate,  exactly  like  those  great  masses  met  with  in  the 
more  sonthem  parts  of  Chile. 

Finally,  I  mast  observe,  that  though  I  have  de- 
scribed between  the  town  of  Copiapo  and  the  western 
flank  of  the  main  Cordillera  seven  or  eight  axes  of 
elevation,  extending  nearly  north  and  south,  it  must 
not  be  supposed  that  they  all  ran  continuously  for 
great  distances.  As  was  stated  to  be  the  case  in  our 
sections  across  the  Cordillera  of  Central  Chile,  so  here 
most  of  the  lines  of  elevation,  with  the  exception  of 
the  first,  third,  and  fifth,  are  very  short.  The  stratifi- 
cation is  everywhere  disturbed  and  intricate ;  nowhere 
have  I  seen  more  numerous  faults  and  dikes.  The 
whole  district,  from  the  sea  to  the  Cordillera,  is  more 
or  less  metalliferous;  and  I  heard  of  gold,  silver, 
copper,  lead,  mercury,  and  iron  veins.  The  metamor- 
phic  action,  even  in  the  lower  strata,  has  certainly 
been  far  less  here  than  in  Central  Chile. 

Valley  of  the  Bespohlado, — This  great  barren  valley, 
which  has  already  been  al hided  to,  enters  the  main 
valley  of  Copiapo  a  little  above  the  town :  it  runs  at 
first  northerly,  then  NE ,  and  more  easterly  into  the 
Cordillera ;  I  followed  its  dreary  course  to  the  foot  of 
the  first  main  ridge.  I  will  not  give  a  detailed  section, 
because  it  would  be  essentially  similar  to  that  already 
given,  and  because  the  stratification  is  exceedingly 
complicated.  After  leaving  the  plutonic  hills  near  the 
town,  I  met  first,  as  in  the  main  valley,  with  the  gypseous 
formation,  having  the  same  diversified  character  as  be- 
fore, and  soon  afterwards  with  masses  of  porphyritic 
conglomerate,  about  1,000  feet  in  thickness.  In  the 
lower  part  of  this  formation  there  were  very  thick  beds 
composed  of  fragments  of  clay-stone  porphyries,  both 
angular  and  rounded,  with  the  smaller  ones  partially 
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blended  together  and  the  basis  rendered  porphyritic ; 
theae  beda  separated  distiDct  streama,  from  sixty  to 
eighty  feet  in  thickness,  of  clay-stone  lavas.  Near 
I^pote,  also,  there  waa  much  trne  porphyritic  breccia- 
conglomerate  :  nevertlielesa,  few  of  these  masses  were 
metamorphoaed  to  the  eame  degree  with  the  corre- 
aponding  formation  in  Central  Chile.  I  did  not  meet  in 
this  ralley  with  any  true  andesite,  but  only  with  im- 
perfect aodesitic  porphyry,  including  large  crystals  of 
hornblende :  nnmerous  aa  have  been  the  varieties  of 
introsive  porphyries  ah-eady  mentioned,  there  were  here 
mountains  composed  of  a  new  kind,  having  a  compact, 
amootb,  cream-coloured  basis,  including  only  a  few 
ciystala  of  feldspar,  and  mottled  with  dendritic  spots  of 
oxide  of  iron.  There  were  also  some  monntaiaa  of  s 
porphyry  with  a  brick-red  basis,  containing  irrpgnlar, 
often  lens-ahaped,  patcbea  of  compact  feldspar,  and 
cryatals  of  feldspar,  which  latter  to  my  surprise  I  find 
to  be  orthite, 

At  the  foot  of  the  first  ridge  of  the  main  Cordillera, 
in  the  ravine  of  Maricongo,  and  at  an  elevation  which, 
from  the  extreme  coldness  and  appearance  of  the  vege- 
tation, I  estimated  at  about  10,000  feet,  I  found  beds  of 
white  sandstone  and  of  limestone  including  the  Pecten 
Ih^eynoyi,  Terebratiila  csnigma,  and  aome  Gryphitea. 
This  ridge  throws  the  water  on  the  one  hand  into  the 
Pacific,  and  on  the  other,  as  I  was  informed,  into  a 
great  gravel- covered,  basin-like  plain,  including  a  salt- 
lake,  and  without  any  drainage-exit.  In  crossing  the 
Cordillera  by  this  Pass,  it  is  said  that  three  principal 
ridges  must  be  traversed,  instead  of  two,  or  only  one  aa 
in  Central  Chile. 

The  crest  of  this  firat  main  ridge  and  the  enrronnd- 
ing  mountains,  with  the  exception  of  a  few  lofty 
pinnaclea,  are  capped  by  a  great  thicknesa  of  a  luni- 
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Eontally  stratified,  tufaceons  deposit.  The  lowest  bed 
is  of  a  pale  purple  colour,  hard,  fine-grained,  and  fall 
of  broken  crystals  of  feldspar  and  scales  of  mica.  The 
middle  bed  is  coarser,  and  less  hard,  and  hence  weathers 
into  very  sharp  pinnacles ;  it  includes  very  small  frag- 
ments of  granite,  and  innumerable  ones  of  all  sizes  of 
gray  vesicular  trachyte,  some  of  which  were  distinctly 
rounded.  The  uppermost  bed  is  about  200  feet  in 
thickness,  of  a  darker  colour  and  apparently  hard  ;  bat 
I  had  not  time  to  ascend  to  it.  These  three  horizontal 
beds  may  be  seen  for  the  distance  of  many  leagues, 
especially  westward  or  in  the  direction  of  the  Pacific, 
capping  the  summits  of  the  mountains,  and  standing  on 
the  opposite  sides  of  the  immense  valleys  at  exactly 
corresponding  heights.  If  united  they  would  form  a 
plain,  inclined  very  slightly  towards  the  Pacific;  the 
beds  become  thinner  in  this  direction,  and  the  tuff 
(judging  from  one  point  to  which  I  ascended,  some 
way  down  the  valley)  finer-grained  and  of  less  specific 
gravity,  though  still  compact  and  sonorous  under  the 
hammer.  The  gently  inclined,  almost  horizontal 
stratification,  the  presence  of  some  rounded  pebbles, 
and  the  compactness  of  the  lowest  bed,  though  render- 
ing it  probable,  would  not  have  convinced  me  that  this 
mass  had  been  of  subaqueous  origin,  for  it  is  known 
that  volcanic  ashes  falling  on  land  and  moistened  by 
rain  often  become  hard  and  stratified ;  but  beds  thus 
originating,  and  owing  their  consolidation  to  atmo- 
spheric moisture,  would  have  covered  almost  equally 
every  neighbouring  summit,  high  and  low,  and  would 
not  have  left  those  above  a  certain  exact  level  abso- 
lutely bare;  this  circumstance  seems  to  me  to  prove 
that  the  volcanic  ejections  were  arrested  at  their  pre- 
sent, widely  extended,  equable  level,  and  there  con- 
solidated by  some  other  means  than  simple  atmospheric 
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moistnre ;  and  tliis  no  donbt  mast  hare  been  a  sheet  of 
water.  A  lake  at  this  great  height,  and  Trithont  a 
barrier  od  any  one  side,  is  cat  of  the  qaestion  ;  couse- 
qnently  we  tnnet  conclude  that  the  tnfaceons  matter 
was  anciently  deposited  beneath  the  sea.  It  was  cer- 
tainly deposited  before  the  excavation  of  the  valleys,  or 
at  least  before  their  final  enlargement ; '  and  I  may 
add,  that  Mr.  Lambert,  a  gentleman  well  acquainted 
with  this  conntry,  informs  me,  that  in  ascending  the 
rarine  of  Santandres  (which  branches  off  from  the  Des- 
poblado)  he  met  with  streams  of  lava  and  mnch  erupted 
matter  capping  all  the  hills  of  granite  and  porphyry, 
with  the  exception  of  some  projecting  points ;  he  alro 
remarked  that  the  valleys  had  been  excavated  Bubse- 
qnently  to  these  emptiona. 

This  volcanic  formation,  which  I  am  informed  by 
Mr.  Lambert  extends  far  northward,  is  of  interest,  aa 
typifying  what  has  taken  place  on  a  grander  scale  on 
the  corresponding  western  side  of  the  Cordillera  of 
Pern.  Under  another  point  of  view,  however,  it  pos- 
sesses  a  far  higher  interest,  aa  confirming  that  conclu- 
sion drawn  from  the  structare  of  the  fringes  of  stratified 
shingle  which  are  prolonged  from  the  plains  at  the  foot 
of  the  Cordillera  far  np  the  valleys, — namely,  that  this 
great  range  has  been  elevated  in  mass  to  a  height  of 
between  8,000  and  9,000  feet;*  and  now, judging  from 
this  tn&ceons  deposit,  we  may  conclnde  that  the  hcvi- 
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LSfiS,  tbat  this  arid  vallej  was  left  by  tbe  retreating  tea,  aa  tha 
id  Blowly  rose,  in  tbe  EtBte  Id  which  we  dow  eee  It. 
■  1  maj  here  mention  rhaC  on  the  soQih  side  of  tbe  mala  ntlley 
of  Copiapo.  near  Potrero  Beco,  tbe  monntaiiis  are  capped  by  a  tbic± 
'  loass  of  homontally  Btratitied  sbiegle,  at  a  height  which  I  estimated 
at  between  1,600  and  2,000  feet  above  tbe  bed  ol  the  valley.  This 
•Miuleh  I  believe,  toima  the  edge  of  a  wide  plain,  which  atntohai 
Mvibward*  between  two  mountain  TsngM. 
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xnQT.al  i>lAvvi<'.Q  has  'jtwc.  in  the  discriirTi  i^t*  Copiapo 

In  the  Ti!>j-  .jf  -ie  Despobloiij,  che  stntificatios, 
as  }>»fl:p»  ron:ark*l.  hna  fcpi^Q  much  dstii7b)>d,  and  in 
ftotr.-i  pc!"r.»  r.j  1  j-»!U»r  >J'>aT^#  than  I  hov?  anywhere 
"^Ise  =e<?Ti,  r  "^'W  i?ive  two  cases :  a  v?ry  thick  mass  of 
thinlj  »Tpiti:=rii  r*!  aondatont*.  inclading  beds  of  con- 
y'.oir.'^ntr-,  baa  b^i?-n  crnst'ed  together  (aa  represented 
in  the  ■^•■xAcv.t)  into  a  joke  or  urn-formed  trooglt.  so 
that  the  =tmta  on  both  sides  have  bwn  folded  inwanb: 
on  the  ri^ht  hand  the  proper'.^  nmieriying  porphvritic 
clayitone  conglomerate  is  seen  oTcrlving  the  sandstone, 
h^t  it  .=rrjn  becomes  vertica!.  acd  then  is  inclined  to- 
wards the  troa»h,  so  that  the  l>eds  radiate  like  the 
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BpfflcftH  of  a  wheel :  on  the  letl  band,  the  inrerted  por- 
pliyrJHc  ccmglomerate  also  assumes  a  dip  towards  the 
trouf^h,  nf»t  gradually,  as  on  the  right  hand,  but  by 
iru'EuiH  of  a  vertical  fault  and  synclinal  break;  and  a 
IlMl'-  still  farfhor  on  towards  the  left,  there  is  a  second 
gnrat  tililifiut!  fiiult  (both  shown  by  the  arrow-lines), 
with  till!  Ktmta  dipping  to  a  directly  opposite  point: 
thfwi  niiiuiitftiMH  are  intersected  by  infinitely  numerous 
diki'H,  luiinn  of  which  can  be  seen  to  rise  from  hummocks 
iif  grrciiskmn,  and  can  be  traced  for  thousands  of  feet. 
Ill  Mid  Ki-cond  case,  two  low  ridges  trend  together  and 
iitiil^   at   the   head   of  a   little  wedge-shaped  valley; 
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tbroQgbout  the  rigbt-hand  ridge,  the  strata  dip  at  45** 
to  the  east :  in  the  left-hand  ridge,  we  have  the  very 
same  strata  and  at  first  with  exactly  the  eame  dip ;  bat 
in  following  this  ridge  up  the  valley,  the  strata  are 
seen  very  regularly  to  become  more  and  more  inclined 
until  they  staod  vertical,  they  then  gradually  fall  over, 
(the  basset  edges  forming  symmetrical  serpentine  lines 
along  the  crest)  till  at  the  very  head  of  the  valley  they 
are  reversed  at  aa  angle  of  45° :  so  that  at  this  point 
the  beds  have  been  turned  throngh  an  angle  of  135°; 
and  here  there  is  a  kind  of  anticlinal  axis,  with  the 
strata  on  both  sides  dipping  to  opposite  points  at  an 
angle  of  45°,  but  with  those  on  the  left  hand  upside- 
down. 

On  the  Eruptive  8ov/rceB  of  the  PorpkyriHc  Clay- 
sione  and  Qreenstone  Lavas. — In  Central  Chile,  from 
the  extreme  metamorphic  action,  it  is  in  most  parts 
difficult  to  distinguiah  between  the  streams  of  porphyritic 
lava  and  the  porphyritic  breccia-conglomerate,  but 
here,  at  Copiapo,  they  are  generally  perfectly  distinct, 
and  in  the  Despoblado,  I  saw  for  the  first  time,  two 
great  strata  of  purple  clay-stone  porphyry,  after  having 
been  for  a  considerable  space  closely  united  together, 
one  above  the  other,  become  separated  by  a  mess  of 
fragmentaiy  matter,  and  then  both  thin  out; — the 
lower  one  more  rapidly  than  the  upper  and  greater 
stream.  Considering  the  number  and  thickness  of  the 
streams  of  porphyritic  lava,  and  the  great  thickness  of 
the  beds  of  breccia-conglomerate,  there  can  be  little 
doubt  that  the  sources  of  eruption  must  originally  have 
been  numerous :  nevertheless,  it  is  now  most  difficult 
even  to  conjecture  the  precise  point  of  any  one  of  the 
ancient  submarine  craters.  I  have  repeatedly  observed 
mountains  of  porphyries,  more  or  less  distinctly  strati- 
fied towards  their  summits  or  on  their  Sanks,  without  % 
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trace  of  strad&atioa  ci  their  centnd  and  basal  parts  r 
in  meat  caaefl.  I  believe  this  is  simply  doe  either  to  the 
obliterating  effects  of  metamorphic  action,  or  to  sach 
parts  having  been  mainlv  formed  of  intrusive  por- 
phyries, or  to  both  caoses  conjoined ;  in  some  instances, 
however,  it  appeared  to  me  very  probable  that  the 
great  central  anstratified  masses  of  porphvrj  were  the 
now  partially  denuded  nnclei  of  the  old  sabmarine 
volcantjfs,  and  that  the  stratified  parts  marked  the 
points  whence  the  streams  flowed.  In  one  case  alone, 
and  it  was  in  this  Valley  of  the  Despoblado,  I  was  able 
actaally  to  trace  a  thick  stratum  of  purplish  porphyry, 
which  for  a  space  of  some  miles  conformably  overlay 
the  Dsual  alternating  beds  of  breccia-conglomerates  and 
clav-stone  lavas,  until  it  became  united  with,  and  blended 
into,  a  mountainous  mass  of  various  unstratified  por- 
phyries. 

The  difficulty  of  tracing  the  streams  of  porphyries 
to  their  ancient  and  doubtless  numerous  eruptive 
sources,  may  be  partly  explained  by  the  very  general 
disturbance  which  the  Cordillera  in  most  parts  has 
suffered  ;  but  I  strongly  suspect  that  there  is  a  more 
specific  cause,  namely,  that  the  original  points  of 
eruptum  tend  to  become  the  points  of  injection.  This 
in  itself  does  not  seem  improbable ;  for  where  the  earth's 
crust  has  once  yielded,  it  would  be  liable  to  yield 
again,  though  the  liquefied  intrusive  matter  might  not 
be  any  longer  enabled  to  reach  the  submarine  surface 
and  flow  as  lava.  I  have  been  led  to  this  conclusion, 
from  having  so  frequently  observed  that,  where  part  of 
an  unstratified  mountain-mass  resembled  in  mineralo- 
gical  character  the  adjoining  streams  or  strata,  there 
were  several  other  kinds  of  intrusive  porphyries  and 
andcsitic  rocks  injected  into  the  same  point.  As  these 
intrusive  mountain-masses  form  most  of  the  axes-lines 
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in  the  Cordillerft,  whether  anticlinal,  aniclioal,  or  syn- 
clinal, and  KB  the  mun  ralleya  have  generally  been 
hollowed  ont  along  these  lines,  the  intmeive  masaos 
have  generally  snfTered  mach  deoadation.  Hence  they 
are  apt  to  atand  in  Bome  degree  isolated,  and  to  be 
eitnated  at  the  points  where  the  valleys  abruptly  bend, 
or  where  the  main  tribataries  enter.  On  this  view  of 
there  being  a  tendency  in  the  old  points  of  eruption  to 
become  the  points  of  snbseqnenfc  injection  and  dis- 
turbance, and  conaeqnently  of  denndation,  it  ceases  to 
be  surprising  that  the  streams  of  lava  in  the  porphyrido 
daystone  conglomerate  formation,  and  in  other  analo- 
gous cases,  should  most  rarely  be  traceable  to  their 
actual  soarces. 

Iquique,  Southsm  Peru. — Differently  from  what  we 
have  seen  throughoat  Chile,  the  coast  here  is  formed 
not  by  the  granitic  series,  but  by  an  escarpment  of  the 
porphyritic  conglomerate  formation,  between  2,000  and 
8,000  feet  in  height.'  I  had  time  only  for  a  very  short 
ezaminatioQ ;  the  chief  part  of  the  eacarpment  appears 
to  be  composed  of  varioos  reddiah  and  purple,  Bom&- 
times  laminated,  porphyries,  resembling  those  of  Chile ; 
and  I  saw  some  of  the  porphyritic  breccia-conglomerate ; 
the  stratification  appeared  bnt  little  inclined.  The 
oppermostp^,  judging  from  the  rocks  near  the  famons 
silver  mine  of  Huantajaya,*  consists  of  laminated,  im- 
pure, argillaceous,  purplish-gray  limestone,  associated, 
I  believe,  with  some  pnrple  sandstone.  In  the  lime- 
Blone  shells  are  found  :  the  three  following  epecies  were 
given  me  .^ 

'  The  lowest  pcdnt,  vhera  the  road  cruBses  the  coasC-eMsipmeiit, 
b  1,9CX)  feet  by  the  buomeler  shove  the  level  of  the  mo. 

■  Ur.  Bollaett  haa  described  ('Oeolog.  Proceedlngt,'  voL  IL  p. 
SU8)  n  singnlar  mass  of  atrati&sd  detrltns,  gravel,  and  sand,eight7-ooa 
jrards  Id  IhickoeM,  overlying  Ihalimectone.aiidahomidlng  with  looM 
tnaasea  ot  silver  ore.  The  minen  believe  that  thaf  can  attiibnto 
theee  nwMoe  to  thaii  p^opBT  vaini. 
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Lacina  Americana,  E.  Forbes,  PL  V.  fig.  24, 
Terebratiila  inca,  do.  PL  V.  figs.  19,  20. 
anigma,  D'Orbig.  PL  V.  figs.  10, 11,  12. 

This  latter  species  we  have  seen  associated  with  the 
fossils  of  which  limits  have  been  given  in  this  chapter,  in 
two  places  in  the  valley  of  Coqnimbo,  and  in  the  ravine 
of  Maricongo  at  Copiapo.  Considering  this  fact,  and 
the  superposition  of  these  beds  on  the  porphyritic  con- 
glomerate formation ;  and,  as  we  shall  immediately  see, 
irom  their  containing  mach  gypsnm,  and  from  their 
otherwise  close  general  resemblance  in  mineralogical 
nature  with  the  strata  described  in  the  valley  of  Copiapo, 
I  have  little  doubt  that  these  fossiliferous  beds  of  Iquique 
belong  to  the  great  cretaceo-oolitic  formation  of  Northern 
Chile.  Iquique  is  situated  seven  degrees  latitude  north 
of  Copiapo  ;  and  I  may  here  mention,  that  an  Ammon- 
ites, nov.  spec.,  and  Astarte,  nov.  spec.,  were  given  me 
from  the  Cerro  Pasco,  about  ten  degrees  of  latitude  north 
of  Iquique,  and  M.  d'Orbigny  thinks  that  they  probably 
indicate  a  Neocomian  formation.  Again,  fifteen  degrees 
of  latitude  northward,  in  Colombia,  there  is  a  grand 
fossiliferous  deposit,  now  well  known  from  the  labours 
of  Von  Buch,  Lea,  d'Orbigny,  and  Forbes,  which  be- 
longs to  the  earlier  stages  of  the  cretaceous  system. 
Ilence,  bearing  in  mind  the  character  of  the  few  fossils 
from  Tierra  del  Fuego,  there  is  some  evidence  that  a 
great  portion  of  the  stratified  deposits  of  the  whole  vast 
range  of  the  South  American  Cordillera  belongs  to 
about  the  same  geological  epoch. 

Proceeding  from  the  coast  escarpment  inwards,  I 
crossed,  in  a  space  of  about  thirty  miles,  an  elevated 
undulatory  district,  with  the  beds  dipping  in  various 
directions.  The  rocks  are  of  many  kinds, — white 
laminated,  sometimes  siliceous  sandstone, — purple  and 
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red  sandstone,  sometimes  so  highly  calcnreons  as  tn 
have  a  crystallme  fracture, — argillaceous  limestone,— 
black  calcateons  slate-rock,  like  that  so  often  described 
at  Copiapo  and  other  places, — thinlj  laminated,  fine- 
graiaed,  greenish,  indurated,  sediraentitty,  fusible  rocks, 
approaching  in  character  to  the  so-called  pseudo-hone- 
stone  of  Chile,  including  thin  contemporaneous  veins  of 
gj'psum, — and  lastly,  much  calcareous,  laminated  por- 
celain jasper,  of  a  green  colour,  with  red  spots,  and  of 
extremely  easy  fusibility :  I  noticed  one  conformable 
stratum  of  a  fireckled-brown,  feldspathic  lava.  I  may 
here  mention  that  I  beard  of  great  beds  of  gypsum  in 
the  Cordillera.  The  only  novel  point  in  this  formation,  is 
the  presence  of  innnmerable  thin  layers  of  rock-salt, 
alternating  with  the  laminated  and  hard,  but  sometimes 
earthy,  yellowish,  or  bright  red  and  ferruginous  sand- 
stones. The  thickest  layer  of  salt  was  only  two  inches, 
and  it  thinned  out  at  both  ends.  On  one  of  these 
saliferous  masses  I  noticed  a  stratum  abont  twelve  feet 
thick,  of  dark-brown,  hard  brecciated,  easily  fusible 
rock,  containing  grains  of  quartz  and  of  black  oxide  of 
iron,  together  with  numerous  imperfect  fragmenta  of 
shells.  The  problem  of  the  origin  of  salt  is  so  obscure, 
that  every  fact,  even  geographical  position,  is  worth 
recording,'     With    the   exception  of  these   saliferous 

'  It  is  well  known  that  atratiSed  salt  ia  fouod  in  severiii  ptacesi  on 
tbe  thore«  of  Pern.  The  island  of  tian  Lorenzo,  oH  Lima,  is  campoged 
of  a  pile  of  thin  slrata,  about  800  Teet  in  thiclineSB,  composed  of 
f  eltonish  and  purpIiEli.  hard  >iiliC4;oua,  or  earthy  sandstones  alter- 
nating with  thin  layers  of  shale,  which  in  places  jiabses  into  a 
greenisb,  semi-porccl1iLiiic,fiiaiblerock.  There  arc  some  tliin  beds  of 
reddish  mudstone,  and  soft  ferruginous  rotten- stones,  with  layers  of 
gjpaum.  In  nearlr  all  these  variuties,  especially  in  tlic  softer  sand- 
Glones.  there  are  numerous  thin  seams  □£  ruck-salt :  I  was  informed 
tbat  one  layer  has  been  found  two  inches  in  thickness.  The  mnnneT 
in  which  the  minutest  fissures  of  the  dialocited  beds  have  b«ca 
penetrated  b;  the  salt,  apparently  bj  subsequent  luliltratLOn,  is  very 
curious.  On  the  south  side  of  the  island,  layers  of  coul  and  of 
impore  limestone  have  been  disoovered.  Hence  we  here  have  sal^ 
88 


580  Metalliferous  Veins.  pabt  n 

beds,  most  of  the  rocks,  as  already  remarked,  present 
a  striking  general  resemblance  with  the  npp?r  parts  of 
the  gypseous  or  cretaceo-oolitic  formation  of  Chile. 

MeialUferous  Veins. 

I  have  only  a  few  remarks  to  make  on  this  subject : 
in  nine  mining  districts,  some  of  them  of  considerable 
extent,  which  I  visited  in  Central  Chile,  I  found  the 
2/nncipfd  veins  running  from  between  [N.  and  NW.] 
to  [S.  and  SE.] :  *  in  some  other  places,  however,  their 
course  appeared  quite  irregular,  as  is  said  to  be  gene- 
rally the  case  in  the  whole  valley  of  Copiapo :  at  Tam- 
billos,  south  of  Coquimbo,  I  saw  one  large  copper  vein 
extr-nding  east  and  west.  It  is  worthy  of  notice,  that 
the  foliation  of  the  gneiss  and  mica-slate,  and  the 
cleavage  of  the  altered  clay-slate,  where  such  rocks 
occur,  certainly  tend  to  run  like  the  metalliferous 
veins,  though  often  irregularly,  in  a  direction  a  little 
westward  of  north.  At  Yaquil,  I  observed  that  the  prin- 
ci])al  auriferous  veins  ran  nearly  parallel  to  the  grain  or 
ini])erfect   cleavage  of  the  surrounding  granitic  rocks. 

pypium,  and  coal  a«^sociated  together.  The  strata  include  veins  of 
quartz,  carbonate  of  lime,  and  iron  p\Tites ;  they  have  been  dislocated 
by  an  injected  mass  of  greenish-brown  feldspathic  trap. 

Not  only  is  salt  abundant  on  the  extreme  western  limits  of  the 
district  between  the  Cordillera  and  the  Pacific,  but,  according  to 
Ilrlma,  itisfound  in  the  outlying  low  hills  on  the  eastern  flank  of  the 
Cor<lillera.  These  facts  app«*ar  to  me  opposed  to  the  theory,  that 
r>ck-salt  is  due  to  the  sinking  of  wat^r,  charged  with  salt, in  medi- 
terranean spaces  of  the  oce.in.  The  general  character  of  the  geology 
of  these  countries  would  ratlier  lead  to  the  opinion,  that  its  origin 
is  in  some  w^y  connected  with  volcanic  heat  at  the  bottom  of  the 
sea :  see  on  this  subject,  Sir  R.  Murchison's  Anniversary  Address  to 
Geolog.  Soc.  18-13,  p.  65. 

*  These  mining  districts  are  Yaquil  near  Nancagoa,  where  the 
directiun  of  the  chief  veins,  to  which  only  in  all  cases  I  refer,  is 
north  and  south ;  in  the  Uspallata  range,  the  prevailing  line  is  NNW. 
and  SSK. ;  in  the  C.  de  Prado,  it  is  NNW.  and  S8E. ;  near  Illapel.  it 
is  N.  by  W.  and  S.  by  E. ;  at  Los  Homos,  the  direction  varies  from 
between  [N.  and  NW.]  to  fS.  and  SK].  ;  at  the  C.  de  los  Homos 
(fartlier  northward),  it  is  NNW.  and  SSE. ;  at  Panuncillo,  it  is  NNW, 
and  6SE. :  and,  lastly,  at  Arqueros,  the  direction  is  NW.  and  SE. 
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With  respect  to  the  diatribution  of  the  different  metals, 
copper,  gold,  and  iron  are  generaily  associated  together, 
and  are  most  frequently  foand  (but  with  many  ex- 
ceptions, as  we  shall  presently  see)  in  the  rocks  of  the 
lower  series,  between  the  Cordillera  and  the  Pacific, 
namely,  in  granite,  syenite,  altered  feldspathic  clay- 
elate,  gneiss,  and  aa  near  Gnasco  mica-schist.  The 
copper  ores  consist  of  sulpharets,  oxides,  and  carbon- 
ates, sometimes  with  laminae  of  native  metal :  I  was 
assured  that  in  some  cases  (as  at  Panuncillo  SE.  of  Co 
qaimbo)  the  upper  part  of  the  same  vein  contains  oxides, 
and  the  lower  part  sulphureta  of  copper.'  Gold  occurs 
in  its  native  form ;  it  is  believed  that,  in  many  cases, 
the  npper  part  of  the  vein  is  the  most  productive  part: 
this  fact  probably  is  connected  with  the  abundance  of 
this  metal  in  the  stratified  detritus  of  Chile,  which 
must  have  been  chiefly  derived  from  the  degradation  of 
the  upper  portions  of  the  rocka.  These  superficial  beds 
of  well-rounded  gravel  and  sand,  containing  gold, 
appeared  to  me  to  have  been  formed  under  the  Be% 
close  to  the  beach,  daring  the  slow  elevation  of  the 
land:  Schmidtmeyer *  remarks  that  in  Chile  gold  is 
Bought  for  in  shelving  banks  nt  the  height  of  some  feet 
on  the  sides  of  the  streams,  and  not  in  their  beds,  as 
would  have  been  the  case  had  this  metal  been  deposited 
1^  common  alluvial  action.  Very  frequently  the 
copper-ores,  including  some  gold,  are  associated  with 
abundant  micaceous  specular  iron.  Gold  is  ollen 
found  in  iron -pyrites:  at  two  gold  mines  at  Yaqnil 
(near  Nancagua),  £  was  informed  by  the  proprietor 
that  in  one  the  gold  was  always  associated  with  copper- 
pyrites,  and  in  the  other  with  iron-pyrites:    in  tbia 

■  The    same  fact  has  been  obaervtid   bj  Ur.  Taylor  In  Cuba ; 
■London  FhU.  Journ.'  vol.  li.  p.  91. 
•  *  TraTeU  in  ChUe,'  p.  IB. 
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lAtter  ca.^,  it  is  said  thas  if  the  T^dn  ceases  to  contain 
iron-prntrs,  it  is  yet  worth  while  to  contiiiue  the 
search,  but  if  the  iroa-pyritea.  when  it  reappears,  is  not 
anriferoua,  it  Li  betrer  at  once  w  give  ap  working  the 
vein.  Although  I  beli^re  copper  and  gold  are  most 
freqa^Dtly  foT^Ld  in  the  lower  granitic  and  metamorphis 
fichi.^to«e  series,  yet  these  mecab  ocenr  both  in  tho 
liftTjfhyritic  conglomerate  formation  (as  on  the  flanks  of 
ihfi  Bell  of  Qnillota  and  at  Jajnelj,  and  in  the  snperiri- 
cambent  strata.  At  Jajael  I  waa  informed  that  tho 
copper-ore,  wirh  some  gold,  is  fonnd  only  in  the  green-> 
fitones  and  altered  feldspathic  clay-slate,  which  alternate 
wirh  the  pnrple  porphyritic  conglomerate.  Several 
gold  v»;in':  and  some  of  copper-ore  are  worked  in  several 
parts  of  trie  Uspallata  range,  both  in  the  metamor- 
pho.-:ed  strata,  which  have  been  shown  to  have  been  of 
probably  suV/s*^:quent  origin  to  the  Xeocomian  or  gyp- 
serous  formation  of  the  main  Cordillera,  and  iu  the 
intrusive  anrlositic  rocks  of  that  range.  At  Los  Homos 
(NK.  of  lllay)^?l),  likewise,  there  are  numerous  veins  of 
c^;[>f)er-pyrit^'.s  and  of  gold,  both  in  the  strata  of  the 
g}'pseonH  formation  and  in  the  injected  hills  of  andesite 
and  various  porphyries. 

Silver,  in  the  form  of  a  chloride,  sulphnret,  or  an 
amalgam,  or  in  its  native  state,  and  associated  with 
lead  and  other  metals,  and  at  Arqueros  with  pure 
native  copper,  occurs  chiefly  in  the  upper  great  gyp- 
seous or  crefaceo-oolitic  formation,  which  forms  pro- 
halily  tlio  richest  mass  in  Chile.  We  may  instance 
IIh^  mini  11^^  districts  of  Arqueros  near  Coquimbo, 
and  of  nearly  tho  wholo  valley  of  Copiapo,  and  of 
I<|ni(]uo  (where  the  principal  veins  run  NE.  by  E.  and 
S\V.  by  W.),  in  Peru.  Hence  comes  Molina's  remark, 
tliat  silver  is  born  in  the  cold  and  solitary  deserts  of 
tho  upper  Cordillera.     There  are,  however,  exceptions 
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to  this  rule :  at  Paral  (SE.  of  Coqaimbo)  BiLver  ia  found 
in  the  porphyritic  conglomerate  formation ;  as  I  BQspect 
is  likewise  the  case  at  8.  Pedro  de  Nolaslco  in  the 
Peuqaenes  Pass.  Binh  argentiferooa  lead  is  found  in 
the  clay-alate  of  the  Uspallata  range ;  and  I  saw  an  old 
silver  mine  in  a  hill  of  s^^enite  at  the  foot  of  the  Bell  of 
Qnitlota :  I  was  also  assured  that  silver  has  been  found 
in  the  andesitic  and  porphyritic  region  between  the 
town  of  Copiapo  and  the  Pacific.  I  have  stated  in  a 
previous  part  of  this  chapter,  that  in  two  neighbouring 
mines  at  Arqueros  the  veins  in  one  were  productive 
when  they  traversed  the  singnlar  green  aediroentary 
beds,  and  unproductive  when  crossing  the  reddish  beds ; 
whereas  at  the  other  mine  exactly  the  reverse  talcee 
place;  I  have  also  described  the  singnlar  and  rare  case 
of  nnmerons  particles  of  native  silver  and  of  the  chloride 
being  disseminated  in  Uie  green  roct  at  the  distance  of 
a  yard  from  the  vein.  Mercuiy  occurs  with  silver  both 
at  ArqneroB  and  at  Copiapo :  at  the  base  of  0.  de  los 
Homos  (SE.  of  Coquimbo,  a  different  place  from  Loa 
Homos,  before  mentioned)  I  saw  in  a  syenitic  rock 
nnmeroas  qnartzose  veins,  containing  a  little  cinnabar 
in  nests :  there  were  here  other  parallel  reins  of  copper 
and  of  a  fermgino-auriferonB  ore.  I  believe  tin  has 
never  been  found  in  Chile, 

From  information  given  me  by  Mr.  Nixon  of  Yaqoil,' 
and  by  others,  it  appears  that  in  Chile  those  veins  are 
generally  most  permanently  productive,  which  consist- 
ing of  various  minerals  (sometimes  differing  but  slightly 
from  tlie  sarronnding  rocks),  include  parallel  strings 
ricA  in  metals;  such  a  vein  is  called  a  vefa  real.  More 
conrraonly  the  mines  are  worked  only  where  one,  two, 

'  At  the  Duraino  mine,  the  gold  Is  aasodated  with  copper-pjiiteB, 
and  the  veins  contain  large  priams  of  plambago.  CryEMUired  car- 
bona.d  of  lime  Is  oue  ot  the  oomaraoeat  mineral*  in  Uw  matrix  ol 
the  Chilian  veina. 
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or  more  thin  veins  or  strings  mnning  in  a  different 
direction,  interscict  a  joor  *  veta  real : '  it  is  nnanimoasly 
believed  tbat  at  such  points  of  intersection  (crueeros)^ 
the  qnaotity  of  metal  is  mach  greater  than  that  con- 
tained in  other  parts  of  the  intersecting  veins.  In  some 
cruosro$  or  points  of  intersection,  the  metals  extend 
even  beyond  the  walls  of  the  main,  broad,  stony  vein. 
It  is  said  that  the  greater  the  angle  of  intersection,  the 
greater  the  produce;  and  that  nearly  parallel  strings 
attract  each  other ;  in  the  Uspallata  range,  I  observed 
that  nnmeroas  thin  anri-fermginoDS  veins  repeatedly 
ran  into  knots,  and  then  branched  ont  again.  I  have 
already  de.scribed  the  remarkable  manner  in  which  rocks 
of  the  U.s[iallata  range  are  indurated  and  blackened  (as 
if  by  a  bhi-it  of  gunpowder)  to  a  considerable  distance 
from  the  metallic  veins. 

Finally,  I  may  observe,  that  the  presence  of  metallic 
veins  s<-erns  obviously  connected  with  the  presence  of 
intrusive  rocks,  and  with  the  degree  of  metamorphic 
action  which  the  different  districts  of  Chile  have 
nncltTL'one.*  Such  metamorphosed  areas  are  generally 
accoMipani«'d  by  numerous  dikes  and  injected  masses 
of  andt.\site  and  various  porphyries :  I  have  in  several 
places  traced  the  metalliferous  veins  from  the  in- 
trusive masses  into  the  encasing  strata.  Knowing 
that  the  porphyritic  conglomerate  formation  consists  of 
alternate  streams  of  submarine  lavas  and  of  the  debris 
of  anciently  erupted  rocks,  and  that  the  strata  of  the 
upper  gypseous  formation  sometimes  include  submiirine 
lavas,  and  are  composed  of  tuffs,  mudstones,  and  mineral 
Hu])st,Mnces,  probably  due  to  volcanic  exhalations, — the 
richness  of  these  strata  is  highly  remarkable  when  com- 

•  Sir  R.  MurcliisDTi  and  his  fellow  travellers  have  griven  some 
striking  facts  on  this  8ul)j(;ct  in  their  account  of  the  Ural  MoantaiDS. 
*  Ueolog.  Proo.'  vol.  iii.  p.  748. 
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pared  with  the  erapted  beds,  oilen  of  submarine  origin, 
but  nof  metamorphoBed,  which  compose  the  numerous 
islands  in  the  Pacific,  Indian,  and  Atlantic  Oceana ;  for 
in  these  islands  metals  are  entirely  absent,  and  their 
nature  even  unknown  to  the  aborigines. 

Summary  on  the  Qeological  Biatory  of  the  Chilian 
Cordillera,  and  of  the  Southern  Parts  of  South 
America. 

We  have  seen  that  the  shores  of  the  Pacific,  for  a 
space  of  1,200  miles  from  Tres  Montes  to  Copiapo,  and 
1  believe  for  a  very  much  greater  distance,  are  com- 
posed, with  the  exception  of  the  tertiaiy  basins,  of  meta- 
morphic  schists,  platonic  rocks,  and  more  or  leas  altered 
clay-slate.  On  the  floor  of  the  ocean  thna  constituted, 
vast  streams  of  various  purplish  clay-stone  and  green- 
stone porphyries  were  poured  forth,  together  with  great 
alternating  piles  of  angular  and  rounded  fragments  of 
similar  rocks  ejected  from  the  submarine  craters.  From 
the  compactness  of  the  streams  and  fragments,  it  is 
probable  that,  with  the  exception  of  some  districts  in 
Northern  Chile,  the  eruptions  took  place  in  profonndiy 
deep  water.  The  orifices  of  eruption  appear  to  have 
been  studded  over  a  breadth,  with  some  outliers,  of 
from  50  to  100  miles:  and  closely  enough  together, 
both  north  and  south,  and  east  and  west,  for  the  ejected 
matter  to  form  a  continuous  mass,  which  in  Central 
Chile  is  more  than  a  mile  in  thickness.  I  traced  this 
mould-like  mass,  for  only  450  milea ;  but  judging  from 
what  I  saw  at  Iquique,  from  specimens,  and  from 
published  accounts,  it  appears  to  have  a  manifold 
greater  length.  In  the  basal  parts  of  the  series,  and 
especially  towards  the  flanks  of  the  range,  mud,  since 
converted  into  a  feldspathic  slaty  rock,  and  sometimes 
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into  green-stone,  was  occasionally  deposited  between 
the  beds  of  erapted  matter :  with  this  exception  the 
nniformity  of  the  porphvritic  rocks  is  very  remarkable. 

At  the  period  when  the  clay-stone  and  green-stone 
porphyries  nearly  or  quite  ceased  being  erupted,  that 
great  pile  of  strata  which,  from  often  abounding  with 
gypsnm,  I  have  generally  called  the  Gypseous  formation 
was  deposited,  and  feldspathic  lavas,  together  with 
other  singular  volcanic  rocks,  were  occasionally  poured 
forth :  I  am  far  from  pretending  that  any  distinct  line 
of  demarkation  can  be  drawn  between  this  formation 
and  the  underlying  porphyries  and  porphyritic  con- 
glomerate, but  in  a  mass  of  such  great  thickness,  and 
between  beds  of  such  widely  different  mineralogical 
nature,  some  divi>ion  was  necessary.  At  about  the 
commencement  of  the  gypseous  period,  the  bottom  of 
the  sea  here  seems  first  to  have  been  peopled  by  shells, 
not  many  in  kind,  but  abounding  in  individuals.  At 
the  P.  del  luca  the  fossils  are  embedded  near  the  base 
of  the  formation ;  in  the  Peuquenes  range,  at  different 
levels,  half-way  up,  and  even  higher  in  the  series; 
hence,  in  these  sections,  the  whole  great  pile  of  strata 
belongs  to  the  same  period :  the  same  remark  is  appli- 
cable to  the  beds  at  Copiapo,  which  attain  a  thickness  of 
between  7,000  and  8,000  feot.  The  fossil  shells  in  the 
Cordillera  of  Central  Chile,  in  the  opinion  of  all  the 
pala3ontologists  who  have  examined  them,  belong  to 
the  earlier  stages  of  the  cretaceous  system ;  whilst  in 
Northern  Chile  there  is  a  most  singular  mixture  of  cro- 
txiccous  and  oolitic  forms :  from  the  geological  relations, 
however,  of  these  two  districts,  I  cannot  but  think  that 
they  all  belong  to  nearly  the  same  epoch,  which  I  have 
provisionally  called  cretaceo-oolitic. 

The  strata  in  this  formation,  composed  of  black 
calcan^ous  shaly-rocks  of  red  and  white,  and  sometimes 
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siliceous  sandstones,  of  coarse  conglomerates,  lime- 
stones, tuSs,  dark  mud-stones,  and  those  singular  fine- 
grained rocks  which  1  have  called  pseudo-honestones, 
vast  beds  of  gjpsum,  and  many  other  jaspery  and 
scarcely  describable  varieties,  vary  and  replace  each 
other  in  short  horizontal  distances,  to  an  extent,  I 
believe,  anequalled  even  in  any  tortiary  basin.  Most 
of  these  substances  are  easily  fusible,  and  have  appa- 
rently been  derived  either  from  volcanos  still  in  quiet 
action,  or  from  the  attrition  of  volcanic  product*!.  If 
we  picture  to  ourselves  the  bottom  of  the  sea,  rendered 
imeven  in  an  extreme  degree,  with  numerous  craters, 
some  few  occasionally  in  eruption,  bub  the  greater 
number  in  the  state  of  solfataras,  discharging  calcareous, 
siliceous,  iemi^nous  matters,  and  gypsum  or  snlphurio 
acid  to  an  amount  surpassing,  perhaps,  even  the  exi3t>- 
ing  sulphureous  volcanos  of  Java,'  we  shall  probably 
understand  the  circumstances  under  which  this  singular 
pile  of  varying  strata  was  accumulated.  The  shells 
appear  to  have  lived  at  the  quiescent  periods  when  only 
limestone  or  calcareo-argUlaceous  matter  was  deposil>- 
ing.  From  Dr.  Oillies's  account,  this  gypseous  or 
cretaceo-oolitic  formation  extends  as  far  south  as  the 
Pass  of  Planchon,  and  I  followed  it  northward  at  in- 
tervals for  500  miles  :  judging  from  the  character  of  the 
beds  with  the  2Vre&ratu/a  anx^ma^  at  Iquique,  it 
extends  from  400  to  500  miles  farther ;  and  perhaps 
even  for  ten  degrees  of  latitude  north  of  Iquique  to  the 
Cerro  Pasco,  not  far  from  Lima :  again,  we  know  that 
a  cretaceous  formation,  abounding  with  fossils,  is  largely 
developed  north  of  the  equator,  in  Columbia  :  in  Tierra 
del  Fuego,  at  about  this  same  period,  a  wide  district  of 
clay-slato  was   deposited,   which   in   its   mineraloglcal 

■  Ton  Boob's  ■  Dwcript.  Phjilqne  dea  Dei  Caoariea,'  p.  ISS, 
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characters  and  external  featares,  might  be  compared  to 
the  Silnrian  regions  of  North  Wales.  The  gypseoos 
formation,  like  that  of  the  porphyritic  breccia-conglo- 
merate on  which  it  rests,  is  of  inconsiderable  breadth ; 
though  of  greater  breadth  in  Northern  than  in  Central 
Chile. 

As  the  fossil  shells  in  this  formation  are  covered,  in 
the  Peuquenes  ridge  by  a  great  thickness  of  strata,  at 
the  Puente  del  Inca  by  at  least  5,000  feet ;  at  Coquinibo, 
though  the  superposition  there  is  less  plainly  seen,  by 
about  6,000  feet;  and  at  Copiapo  certainly  by  5,000 
or  6,000,  and  probably  by  7,000  feet  (the  same  species 
there  recurring  in  the  upper  and  lower  parts  of  the 
series)  we  may  feel  confident  that  the  bottom  of  the 
sea  subsided  during  this  cretaceo-oolitic  period,  so  as 
to  allow  of  the  accumulation  of  the  superincumbent 
submarine  strata.  This  conclusion  is  confirmed  bv,  or 
perhaps  rather  explains,  the  presence  of  the  many  beds 
at  many  levels  of  coarse  conglomerate,  the  well-rounded 
pebbles  in  w^hich  we  cannot  believe  were  transported  in 
very  deep  water.  Even  the  underlying  porphyries  at 
Copiapo,  with  their  highly  amygdaloidal  surfaces,  do 
not  appear  to  have  flowed  under  great  pressure.  The 
great  sinking  movement  thus  plainly  indicated,  must 
have  extended  in  a  north  and  south  line  for  at  least 
400  miles,  and  probably  was  co-extensive  with  the 
gypseous  formation. 

The  beds  of  conglomerate  just  referred  to,  and  the 
extraordinarily  numerous  silicified  trunks  of  fir-trees 
at  Los  Homos,  perhaps  at  Coquimbo  and  at  two  dis- 
tant points  in  the  valley  of  Copiapo,  indicate  that  land 
existed  at  this  period  in  the  neighbourhood.  This  land, 
or  islands,  in  the  northern  part  of  the  district  of 
Copapo,  must  have  been  almost  exclusively  composed, 
judging  from  the  nature  of  the  pebbles,  of  granite  ;  in 


CHAP.  IT.  of  the  Cordillera.  589 

the  southern  pai-ts  of  GopJapo,  it  must  have  been 
mainly  formed  of  clay-stone  porphyries,  with  soma 
mica-schist,  and  with  much  sand-atone  and  jaspery 
rocks  exactly  like  the  rocks  in  the  gypseous  formation, 
and  no  doubt  belonging  to  its  basal  series.  In  several 
other  places  also,  during  the  accumulation  of  the 
gypseous  formation,  its  basal  ports  and  the  underlying 
porphyritic  conglomerate  must  likewise  have  been 
already  partially  upheaved  and  exposed  to  wear  and 
tear ;  near  the  Puente  del  Inca  and  at  Coquimbo,  there 
must  have  existed  mosses  of  mica-schist  or  some  such 
rock,  whence  were  derived  the  many  small  pebbles  of 
opaque  qnartz.  It  follows  from  these  facts,  that  in 
some  ports  of  the  Cordillera  the  upper  beds  of  the 
gypseous  formation  must  lie  unconformably  on  the 
lower  beds ;  and  the  whole  gypseous  formation,  in 
parts,  unconformably  on  the  porphyritic  conglomerate ; 
although  I  sow  no  such  cases,  yet  in  many  places  tlie 
gypseous  formution  is  entirely  absent ;  and  this,  although 
no  doubt  generally  caused  by  quite  subsequent  denuda- 
tion,  may  in  othera  be  due  to  the  underlying  porphy- 
ritic conglomerate  having  been  locally  upheaved  before 
the  deposition  of  the  gypseous  strata,  and  thus  having 
become  the  source  of  the  pebbles  of  porphyry  embedded 
in  them.  In  the  porphyritic  conglomerate  formation, 
in  its  lower  and  middle  ports,  there  is  very  rarely  any 
evidence,  with  the  exception  of  the  small  quartz  pebbles 
at  Jajuol,  near  Aconcagua,  and  of  the  single  pebble  of 
granite  at  Copiapo,  of  the  existence  of  neighbouring 
land :  in  the  upper  pnrts,  however,  and  especially  in  the 
district  of  Copiapo,  the  number  of  thoroughly  well- 
rounded  pebbles  of  compact  porphyries  make  me  be- 
lieve, that,  as  during  the  prolonged  accumulation  of 
the  gypseous  formation  the  lower  beds  had  already  been 
locally  upheaved  and  exposed  to  wear  and  tear,  so  it 
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was  with  the  porphyritic  conglomerate.  Hence  in 
following  thus  far  the  geological  history  of  the  Cor- 
dillera, it  may  be  inferred  that  the  bed  of  a  deep  and 
open,  or  nearly  open,  ocean  was  filled  up  by  porphyritic 
eruptions,  aided  probably  by  some  general  and  some 
local  elevations,  so  that  comparatively  shallow  level  at 
which  the  cretaceo-oolitic  shells  first  lived.  At  this 
period,  the  submarine  craters  yielded  at  intervals  a 
prodigious  supply  of  gypsum  and  other  mineral  exhala- 
tions, and  occasionally,  in  certain  places  poured  forth 
lavas,  chiefly  of  a  feldspathic  nature:  at  this  period, 
islands  clothed  with  fir-trees  and  composed  of  porphy- 
ries, primary  rocks,  and  the  lower  gypseous  strata  had 
already  been  locally  upheaved,  and  exposed  to  the 
action  of  the  waves  ; — the  general  movement,  however, 
at  this  time  having  been  over  a  very  wide  area,  one  ot 
slow  subsidence,  prolonged  till  the  bed  of  the  sea  sank 
several  thousand  feet. 

In  Central  Chile,  after  the  deposition  of  a  great 
thickness  of  the  gypseous  strata,  and  after  their  up- 
heaval, by  which  the  Cumbre  and  adjoining  ranges  were 
formed,  a  vast  pile  of  tufaceous  matter  and  submarine 
lava  was  accumulated,  where  the  Uspallata  chain  now 
stands ;  also  after  the  deposition  and  upheaval  of  the 
equivalent  gypseous  strata  of  the  Peuquenes  range,  the 
great  thick  mass  of  conglomerate  in  the  valley  of 
Tenuyan  was  accumulated :  during  the  deposition  of 
the  Uspallata  strata,  we  know  absolutely,  from  the 
buried  vertical  trees,  that  there  was  a  subsidence  of 
some  thousand  feet ;  and  we  may  infer  from  the  nature 
of  the  conglomerate  in  the  valley  of  Tenuyan,  that  a 
similar  and  perhaps  contemporaneous  movement  there 
took  place.  We  have,  then,  evidence  of  a  second  great 
period  of  subsidence  ;  and,  as  in  the  case  of  the  sub- 
sidence which   accompanied   the  accumulation  of  the 
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cretaceo-oolitic  strata,  bo  this  later  Bobsidence  appears 
to  have  been  complicated  by  alternate  or  local  elevatory 
movement — for  the  vertical  trees,  buried  in  the  midst 
of  the  Uspallata  strata,  must  have  grown  on  dry  land, 
formed  by  the  upheaval  of  the  lower  eubmarine  beds. 
Presently  I  shall  have  to  recapitalate  the  facta,  showing 
that  at  a  still  later  period,  namely,  at  nearly  the  com- 
mencement of  the  old  Tertiary  deposits  of  Patagonia  and 
of  Chile,  the  continent  stood  at  nearly  its  present  level, 
and  tfaen  for  the  third  time,  slowly  subsided  to  the 
amount  of  several  handred  feet,  and  was  afterwards 
slowly  re-nplift«d  to  its  present  level. 

The  highest  peaks  of  the  Cordillera  appear  to  con- 
sist of  active  or  more  commonly  dormant  volcanos, — 
each  as  Tapnngato,  Maypa,  and  Aconcagua,  which 
latter  stands  23,000  feet  above  the  level  of  the  sea,  and 
many  others.  The  next  highest  peaks  are  formed  of 
the  gypseons  and  porphyritic  strata,  thrown  into  vertical 
or  highly  inclined  positions.  Besides  the  elevation  Ihns 
gained  by  angular  displacements,  I  infer,  without  any  hesi- 
tation— from  the  stratified  gravel-fringes  which  gently 
slope  up  the  valleys  of  the  Cordillera  from  the  gravel- 
capped  plains  at  their  base,  which  latter  are  connected 
with  the  plains,  still  covered  with  recent  shells  on  the 
coast^^that  this  great  range  has  been  npheaved  in  mass 
by  a  slow  movement,  to  an  amount  of  at  least  8,000 
feet.  In  the  Despoblado  Valley,  north  of  Copiapo,  the 
horizontal  elevation,  jndging  from  the  compact,  stra- 
tified tnfaceous  deposit,  capping  the  distant  mountains 
at  corresponding  heights,  was  about  10,000  feet.  It  is 
Tery  possible,  or  rather  probable,  that  this  elevation  ia 
mass  may  not  have  been  strictly  horizontal,  but  more 
energetic  under  the  Cordillera,  than  towards  the  coast 
on  either  side ;  nevertheless,  movements  of  this  kind 
may  be  conveniently  distinguished  from  those  by  which 
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strata  have  beea  abmptly  broken  and  aptamed.  Whea 
▼iewinsrthe  Cordillera,  before  having  read  Mr.  Hopkins> 
profound  '  Researches  on  PhysicAl  Geology,'  theconWc- 
tion  was  impressed  on  me,  that  the  angular  dislocations, 
however  violent,  were  quite  snbordinate  in  importance 
to  the  great  upward  movem<=^nt  in  mass,  and  that  they 
had  been  caui^ed  bv  the  edjres  of  the  wide  fissures, 
which  neces^arilv  resulted  from  the  tension  of  the 
elevated  area,  having  yielded  to  the  inward  rush  of 
fluidified  rock,  and  having  thus  been  upturned. 

The  ridges  formed  by  the  angularly  upheaved  strata 
are  seldom  of  great  length :  in  the  central  parts  of  the 
Cordillera  they  are  generally  parallel  to  each  other, 
and  run  in  n'»rth  and  south  lines;  but  towards  tbo 
flanks  they  often  extend  more  or  less  obliquely.  The 
aiifrular  displacement  has  been  much  more  violent  in 
the  central  than  in  the  exterior  main  lines  ;  but  it  has 
likewise  been  violent  in  some  of  the  minor  lines  on  the 
extreme  flanks.  The  violence  has  been  very  unequal 
on  the  same  short  linos;  the  crust  having  apparently 
tended  to  yield  on  certain  points  along  the  lines  of 
fissures.  These  points,  I  have  endeavoured  to  show, 
w«re  probably  first  foci  of  eruption,  and  afterwards  of 
injrcted  masses  of  porphyry  and  andesite.'  The  close 
similarity  of  the  andositic  granites  and  porphyries, 
throughout  Chile,  Tierra  dol  Fuego,  and  even  in  Peru, 
is  very  remarkable.  The  prevalence  of  feldspar  cleav- 
ing like  albito,  is  common  not  only  to  the  andesites, 
but  (as  I  infer  from  the  high  authority  of  Prof.  G. 
Jlr)se,  as  well  as  from  my  own  measurements)  to  the 
various  clay-stone  and  green-stone  porphyries,  and  to 

*  Sir  R.  Murohison,  and  his  companions  state  (•  Gcolog.  Proc.' 
vol.  iii.  p.  747),  that  no  true  granite  appeaj^  in  the  higher  Ural 
Mount  ail  .8  ;  but  that  sycnitic  greenstone — a  rock  closely  analogon« 
to  our  andesite  -is  by  far  the  most  abundant  of  the  intnislTe  masses. 
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the  tracfaytic  lavas  of  the  Cordillera.  The  andesitic 
rocks  have  in  most  caaes  been  the  last  injected  ones, 
and  they  probably  form  a  continnous  dome  under  thia 
great  range :  they  stand  in  intimate  relationship  with 
the  modern  lavas ;  and  th<^y  seem  to  have  been  the 
immediate  agent  in  metamorphosing  the  porphyritic 
conglomerate  formation,  and  ollen  likewiBe  the  gypseous 
strata,  to  the  extraordinary  extent  to  which  they  have 
suffered. 

With  respect  to  the  age  at  which  the  several  parallel 
ridges  composing  the  Cordillera  were  npthrown,  I  have 
little  evidence.  Many  of  l^em  may  have  been  con- 
tempornneonsly  elevated  and  injected  in  the  same 
manner^  as  in  volcanic  archipelagoes  lavas  are  contem-^ 
poraneously  ejected  on  the  parallel  lines  of  fissure. 
Bat  the  pebbles  apparently  d«'ived  from  the  wear  and 
te.ar  of  the  porphyritic  conglomerate  formation,  nhich 
are  occasionally  present  in  the  npper  parts  of  thia  aame 
formation,  and  are  often  present  in  the  gypseous  for- 
mation, together  with  the  pebbles  from  the  basal  parts 
of  the  latter  formation  in  its  npper  strata,  render  it 
almost  certain  that  portions,  we  may  infer  ridges,  of 
these  two  formations  were  successively  upheaved.  In 
the  case  of  the  gigantic  Portillo  range,  we  may  feel 
almost  certain  that  a  pre-existing  granitic  line  was  up- 
raiaed  (not  by  a  single  blow,  aa  shown  by  the  highly 
inclined  basaltic  streams  In  the  valley  on  its  eastern 
flank)  at  a  period  long  subsequent  to  the  npheavement 
of  the  parallel  Feuquenes  range.*    Again,  subsequently 

*  S«e  the  latter  part  of  Chapter  TL 

'  I  bavB  endeavonred  to  show  in  my '  Jonmal*  (2Dd  edit.  p.  321), 
thai  tbe  siogular  fact  of  the  river,  which  dnuns  the  valle}'  between 
these  two  ranges,  pasBinif  through  the  Portillo  and  higher  line,  is 
explained  by  its  slow  sad  subsequent  elevation.  There  are  many 
analogons  eases  in  the  drainage  of  rivers:  see'EdiDburghKewPbil, 
Jomnal,'  *oL  sx?iiL  pp.  S3  and  14, 
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to  the  nph'^vement  of  the    C^iTnfare    cham.  that    of 
Uspai-r^'a  ^raa  fcTined  and  elevated ;  and  afterwards,  I 
may  a/Id.  in  the  plain  cf  U^palLira.  beds  of  sand  and 
gravel  were  v;cl'=-nt' j  npthrown-     The  manrer  in  which 
the  vaHoci  kin'^Js  of  porphTries  and  andesites  hare  been 
injected  on-=-  ir.to  the  other,  and  in  which  the  infinitely 
nnrn-rroa*  dikes  of  various  compoeirion  intersect  each 
other,  p'a'r.lv  show  that  the  stratified   crust  has  been 
ftt Tf-tohed  and  yielded  rnanv  times  over  the  same  pcint& 
With  re-[>=:ct  to  the  aire  of  the  axes  of  elevation  between 
the  Pacific  and  the  Cordillera,  I  know  little :  bat  there 
are  some  lines  which    must — namelv,  those   mnning 
north  and  fcouth  in  Chiloe,  those  eisrht  or  nine  east  and 
wf-hf,  pfirallel.  f^ir-ext^nded,  most  symmetrical  nniclinal 
lin^'H  at  P.  linrn^-na.  and  the  short  NW.-SE.  and  NE.- 
SW.   lin^'H  at  Concep' ion — have  been  upheaved  long 
aftr-r  tlio  forrnjit!on  of  tlie  Cordillera.     Even  during  the 
f-arthrjii?ike  of  1 800,  when  the  linear  north  and  south 
islft  of  St.  Mary  was  uplifted  several  feet  above  the 
fill rroiHid inf.'  arr-a,  we  perhaps  see  one  feeble  step  in  the 
formation  of  a  sulx>rdinate  mountain-axis.     In   some 
ca.sr-H.  Tuon-ovr-r,  for  instance,  near  the  baths  of  Cauquenes, 
I  was  forcibly  struck  with  the  small  size  of  the  breaches 
cut   til  roil  ^rh   the  exterior  mountain-ranges,  compared 
with  the  size  of  the  same  valleys  higher  up  where  enter- 
ing   tlio  Cordillrra ;    and    this  circumstance  appeared 
to  me  FCJirccly  explicable,  except  on   the  idea  of  the 
exterior  linns  having  been  subsequently  upthrown,  and 
thcn^fore  having  been  exposed  to  a  less  amount  of  denu- 
dation.    From    tlio  manner  in   which   the    fringes   of 
gravel  are  jirolonged  in  unbroken  slopes  up  the  valleys 
of  tlio  Cunlillera,  I  infer  that  most  of  the  greater  dis- 
locations took  place  during  the  earlier  parts  of  the  great 
el(»vali()n  in  mass:  I  have,  however,  elsewhere  given  a 
cas(»,  and  M.  de  I'schudi  ^  has  given  another,  of  a  ridge 
'  •  Ilclso  In  Peru/  Uand  2.  S.  8  :—  Author's  Journal,  2nd  edit.  p.  36y. 
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thrown  up  in  Peru  acroas  the  bed  of  a  river,  and  coDse- 
quently  after  the  final  elevation  of  the  country  above 
tiie  level  of  the  eea. 

Ascending  to  the  older  Tertiary  formationa,  I  will 
not  again  recapitnlate  the  remarks  already  given  at  the 
end  of  the  Twelfth  Chapter, — on  their  great  extent,  es- 
pecially along  the  shores  of  the  Atlantic — on  their  anti- 
quity, perhaps  corresponding  with  that  of  the  Eocene 
deposits  of  Earope, — on  the  almost  entire  dissimilarity, 
though  the  formationa  are  apparently  contemporaneous, 
of  the  fossils  from  the  eastern  and  western  coasts,  as  ia 
Kkewise  the  case,  even  in  a  still  more  marked  degree, 
with  the  shells  now  living  in  these  opposite  though 
approximate  aeas, — on  the  climate  of  thia  period  not 
having  been  more  tropical  than  what  might  have  been 
expected  from  the  latitudes  of  the  places  under  which 
the  deposits  occur ;  a  circumstance  rendered  well 
worthy  of  notice,  from  the  contrast  with  what  is  known 
to  have  been  the  case  during  the  older  Tertiary  periods 
of  Europe,  and  likewise  from  the  fact  of  the  Southern 
Hemisphere  having  suffered  at  a  much  later  period, 
apparently  at  the  same  time  with  the  Northern  Hemi- 
sphere,  a  colder  or  more  eqnahle  temperature,  as  shown 
by  the  zones  formerly  affected  by  ice-action.  Nor  will 
I  recapitulate  the  proofs  of  the  bottom  of  the  sea,  both 
on  the  eastern  and  western  coast,  having  subsided  700 
or  800  feet  during  this  Tertiary  period ;  the  movement 
having  apparently  been  co-extensive,  or  nearly  co-ex- 
tenaive,  with  the  deposits  of  this  age.  Nor  will  I  again 
give  the  facta  and  reasoning  on  which  the  proposition 
was  founded,  that  when  the  bed  of  the  sea  is  either 
stationary  or  rising,  circnmatances  are  far  less  favour- 
able than  when  its  level  is  sinking,  to  the  accumulatioa 
of  conchiferons  deposits  of  sufficient  thickness,  exten- 
sion, and  hardness  to  resist,  when  upheaved,  the 
SB 
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ordinary  rast  amount  of  denadatlon.  We  Iiare  seen 
that  the  hiirhly  remarkable  fact  of  the  absence  of  any 
extemrive  formations  containing  recent  shells,  either  on 
the  eastern  or  western  coasts  of  the  continent, — though 
these  coasts  now  abound  with  living  Mollasca, — thongh 
they  are,  and  apparently  have  always  been,  as  favour- 
able for  the  depoffition  of  sediment  as  they  were  when 
the  Tertinry  furmations  were  copiously  deposited, — and 
thoDirh  they  have  b«:'en  upheaved  to  an  amount  quite 
sufficient  to  bring  up  strata  from  the  depths  the  most 
fertile  for  animal  life,— can  be  explained  in  accordance 
with  the  alx>ve  proposition.  As  a  deduction,  it  was  also 
attempted  to  be  shown,  first,  that  the  want  of  close 
sequence  in  the  fossils  of  successive  formations,  and  of 
succr'ssive  stML'^s  in  the  same  formation,  would  follow 
from  tlio  improbability  of  the  same  area  continuing 
slowly  to  subside  from  one  whole  period  to  another,  or 
even  during  a  single  entire  period ;  and  secondly,  that 
certain  epochs  having  been  favourable  at  distant  points, 
in  the  same  quarter  of  the  world  for  the  synchronous 
accumulation  of  fossiliforous  strata,  would  follow  from 
movements  of  subsidence  having  apparently,  like  those 
of  elevation,  contemporaneously  aflfected  very  large 
areas. 

There  is  another  point  which  deserves  some  notice, 
namely,  the  analogy  between  the  upper  parts  of  the 
Pata^ronian  Tertiary  formation,  as  well  as  of  the  upper 
possibly  contemporaneous  beds  at  Chiloe  and  Concep- 
cion,  with  the  great  gypseous  formation  of  Cordillera ; 
for  in  both  formations,  the  rocks,  in  their  fusible  nature, 
in  their  containing  gj'psum,  and  in  many  other  cha- 
HM'tera,  show  a  connection,  either  intimate  or  remote, 
with  volcanic  action;  and  as  the  strata  in  both  were 
accumulated  during  subsidence,  it  appears  at  first 
natural  to  connect  this  sinking  movement  with  a  state 
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of  high  activity  in  the  neighbouring  volconoa.  During 
the  cretaceo-oolitic  period  this  certainly  appears  to  have 
been  the  case  at  the  Faente  del  Inca,  judging  from  the 
number  of  intercalated  lava-streams  in  the  lower  3,000 
feet  of  strata ;  but  generally,  the  volcanic  orifices  seem 
at  this  time  to  have  existed  as  submarine  solfataras,  and 
were  certainly  quiescent  compared  with  their  state 
during  the  accumulation  of  the  porphyritic  conglomerate 
formation.  During  the  deposition  of  the  tertiary  strata 
we  know  that  at  S.  Cruz,  deluges  of  basaltic  lava  were 
poured  forth  ;  but  aa  these  lie  in  the  npper  part  of  the 
series,  it  is  possible  that  the  subsidence  may  at  that 
time  have  ceased :  at  Chiloe,  I  was  unable  to  ascertain 
to  what  part  of  the  series  the  pile  of  lavas  belonged. 
The  Uspallata  tuffs  and  great  streams  of  submarine 
lavas,  were  probably  intermediate  in  age  between  the 
cretaceo-oolitic  and  older  Tertiary  formations,  and  vee 
know  from  the  bnried  trees  that  there  was  a  great  sub- 
sidence during  their  accumulation ;  but  even  in  this 
case,  the  subsidence  may  not  have  been  strictly  con- 
temporaneous with  the  great  volcanic  eruptions,  for  we 
must  believe  in  at  least  one  intercalated  period  of  eleva- 
tion, during  which  the  ground  was  upraised  on  which 
the  now  bnried  trees  grew.  I  have  been  led  to  make 
tiiese  remarks,  and  to  throw  some  doubt  on  the  strict 
contemporaneousness  of  -  high  volcanic  activity  and 
movements  of  subsidence,  from  the  conviction  impressed 
on  my  mind  by  the  study  of  coral  formations,'  that 
these  two  actions  do  not  generally  go  on  synchronously ; 
— on  the  contrary,  that  in  volcanic  districts,  subsidence 
ceases  as  soon  as  the  orifices  burst  forth  into  renewed 
action,  and  only  recommences  when  they  again  have 
become  dormant. 

■  nieBtnictnK^fto.o(CoimlReefa,lated.F.  )40;8nd»d.p.  ISa 
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At  a  later  period,  the  Pampean  mud,  of  estuary 
origin,  was  deposited  over  a  wide  area, — in  one  district 
conforraally  on  the  nnderiying  old  tertiary  strata,  and 
in  another  district  unconformably  on  them,  after  their 
upheaval  and  denudation.  During  and  before  the 
accumulation,  however,  of  these  old  Tertiary  strata, 
and,  therefore,  at  a  very  remote  period,  sediment, 
strikingly  resembling  that  of  the  Pampas,  was  depo- 
sited ;  showing  during  how  long  a  time  in  this  case  the 
same  agencies  were  at  work  in  the  same  area.  The 
deposition  of  the  Pampean  estuary  mud  was  accom- 
panied, at  least  in  the  southern  parts  of  the  Pampas, 
by  an  elevatory  movement,  so  that  the  M.  Hermoso 
beds  probably  were  accumulated  after  the  upheaval  of 
those  round  the  S.  Ventana ;  and  those  at  P.  Alta  after 
the  upheaval  of  the  Monte  Hermoso  strata ;  but  there 
is  some  reason  to  suspect  that  one  period  of  subsidence 
intervened,  during  which  mud  was  deposited  over  the 
coarse  sand  of  the  Barrancas  de  S.  Gregorio,  and  on  the 
higher  parts  of  Banda  Oriental.  The  mammiferous 
animals  characteristic  of  this  formation,  many  of  which 
differ  as  much  from  the  present  inhabitants  of  South 
America,  as  do  the  eocene  mammals  of  Europe  from 
the  present  ones  of  that  quarter  of  the  globe,  certainly 
co-existed  at  B.  Blanca  with  twenty  species  of  moll n sea, 
one  balanus,  and  two  corals,  all  now  living  in  the 
adjoining  sea:  this  is  likewise  the  case  in  Patagonia 
with  the  Macrauchenia,  which  co-existed  with  eight 
shells,  still  the  commonest  kinds  on  that  coast.  I  will 
not  repeat  what  I  have  elsewhere  said,  on  the  place  of 
habitation,  food,  wide  range,  and  extinction  of  the 
numerous  gigantic  mammifers,  which  at  this  late 
period  inhabited  the  two  Americas. 

The  nature  and  grouping  of  the  shells  embedded  in 
the  old   Tertiary  formations  of  Patagonia  and  Chile, 
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show  as,  that  the  continent  at  that  period  must  have 
Btood  only  a  few  fathoms  below  its  present  level,  and 
that  afterwards  it  eabaided  over  a  wide  area,  700  or 
800  feet.  The  manner  in  which  it  haa  aince  been  re- 
bronght  np  to  its  actual  level,  waa  described  in  detail 
in  the  Eighth  and  Ninth  Chapters.  It  was  there  shown 
that  recent  shells  are  fonnd  on  the  shores  of  the  Atlan- 
tic, from  Tierra  del  Fuego  northward  for  a  space  of  at 
least  1,180  nautical  miles,  and  at  the  height  of  about 
100  feet  in  La  Plata,  and  of  400  feet  in  Patiigonia. 
The  elevatory  movements  on  this  side  of  the  contLnuit 
have  been  slow ;  and  the  coast  of  Patagonia,  up  to  the 
height  in  one  part  of  950  feet  and  in  another  of  1,200 
feet,  is  modelled  into  eight  great,  step-like,  gravel- 
capped  plains,  extending  for  hundreds  of  nules  with  the 
same  heights ;  this  fact  shows  that  the  periods  of  denu- 
dation (which,  judging  from  the  amount  of  matter 
removed,  must  have  been  long-continued)  and  of  eleva- 
tion were  synchronous  over  surprisingly  great  lengths 
of  coasts.  On  the  shores  of  the  Pacific,  upraised  shells 
of  recent  species,  generally,  though  not  always,  in  the 
same  proportional  numbers  as  in  the  adjoining  sea, 
have  actually  been  found  over  a  north  and  sooth  space 
of  2,075  miles,  and  there  is  reason  to  bslieve  that  they 
occur  over  a  space  of  2,480  miles.  The  elevation  on 
this  western  side  of  the  continent  has  not  been  equable ; 
at  Valparaiso,  within  the  period  during  which  upraised 
shells  hare  remained  undecayed  on  the  surface,  it  has 
been  1,300  feet,  whilst  at  Coquimbo,  200  miles  north- 
ward, it  has  been  within  this  same  period  only  252 
feet.  At  Lima,  the  land  has  been  uplifted  at  least 
eighty<feet  since  Indian  man  inhabited  that  district; 
but  the  level  within  historical  times  apparently  has 
subsided.  At  Coquimbo,  in  a  height  of  864  feet,  the 
elevaUon  has  been  interrupted  by  five  periods  of  com- 
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parative  rest.  At  several  places  the  land  has  been 
lately,  or  still  is,  rising  both  insensibly  and  by  sudden 
starts  of  a  few  feet  daring  earthquake-shocks;  this 
shows  that  these  two  kinds  of  upward  movement  are 
intimately  connected  together.  For  a  space  of  775 
miles,  upraised  recent  shells  are  found  on  the  two  op- 
posite sides  of  the  continent ;  and  in  the  southern  half 
of  this  space,  it  may  be  safely  inferred  from  the  slope 
of  the  land  up  to  the  Cordillera,  and  from  the  shells 
found  in  the  central  part  of  Tierra  del  Fuego,  and  high 
up  the  river  Santa  Cruz,  that  the  entire  breadth  of  the 
continent  has  been  uplifted.  From  the  general  oc- 
currence on  both  coasts  of  successive  lines  of  escarp- 
ments, of  sandunes  and  marks  of  erosion,  we  must 
conclude  that  the  elevatory  movement  has  been  nor- 
mally interrupted  by  periods,  when  the  land  either  was 
stationary,  or  when  it  rose  at  so  slow  a  rate  as  not  to 
resist  the  average  denuding  power  of  the  waves,  or 
when  it  subsided.  In  the  case  of  the  present  high  sea- 
cliffs  of  Patagonia  and  in  other  analogous  instances,  we 
have  seen  that  the  difficulty  in  understanding  how 
strat-a  can  bo  removed  at  those  depths  under  the  sea,  at 
which  the  currents  and  oscillations  of  the  water  are 
depositing  a  smooth  surface  of  mud,  sand,  and  sifted 
pebbles,  leads  to  the  suspicion  that  the  formation  or 
denudation  of  such  cliffs  has  been  accompanied  by  a 
sinking  movement. 

In  South  America,  everything  has  taken  place  on  a 
grand  scale,  and  all  geological  phenomena  are  still  in 
active  operation.  We  know  how  violent  at  the  present 
day  the  earthquakes  are,  we  have  seen  how  great  an 
area  is  now  rising,  and  the  plains  of  tertiary  origin  are 
of  vast  dimensions;  an  almost  straight  line  can  be 
drawn  from  Tierra  del  Fuego  for  1,600  miles  northward, 
and  probably  for  a  much  greater  distance,  which  shall 
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intersect  no  formation  older  than  the  PatagoniaD 
deposits;  so  equable  has  been  the  upheaval  of  the  beds, 
that  throughout  this  long  line,  not  a  fault  in  the  Btrati- 
fication  or  abrupt  di(>location  was  anywhere  observable. 
Looking  to  the  basal,  metamorphic,  and  plutonic  rocka 
of  the  continent,  the  areas  formed  of  them  are  likewise 
vast ;  and  their  planes  of  cleavage  and  foliation  strike 
over  surprisingly  great  spaces  in  uniform  directions. 
The  Cordillera,  with  its  pinnacles  here  and  there  rising 
upwards  of  20,000  feet  above  the  level  of  the  sea, 
ranges  in  an  unbroken  line  from  Tierra  del  Fuego, 
apparently  to  the  Arctic  circle.  This  grand  range  has 
snffered  both  the  most  violent  dislocations,  and  slow, 
though  grand,  npward,  and  downward  movements  in 
mass :  I  know  not  whether  the  spectacle  of  its  immense 
valleys,  with  mountain-masses  of  once-liquefied  and 
intrusive  rocks  now  bared  and  intersected,  or  whether 
the  view  of  those  plains,  composed  of  shingle  and  Bedi> 
ment  bence  derived,  which  stretch  to  the  borders  of  the 
Atlantic  Ocean,  is  best  adapted  to  excite  our  astonish- 
ment at  the  amount  of  wear  aod  tear  wbich  these 
mountains  have  undergone. 

The  Cordillera  from  Tiorra  del  Puego  to  Mexico,  is 
penetrated  by  volcanic  orifices,  and  those  now  in  action 
are  connected  in  great  trains.  The  intimate  relation 
between  their  recent  eruptions  and  the  slow  elevation 
of  the  continent  in  mass,'  appears  to  me  highly  impor- 
tant, for  no  explanation  of  the  one  phenomenon  can  be 
considered  as  satisfactory  wbich  is  not  applicable  to 
the  other.  The  permanence  of  the  volcanic  action  on 
this  chain  of  mountains  is,  also,  a  striking  fact;  first, 
we  have  the  deluges  of  submarine  lavas  alternating 
with  the  porphyritic  conglomerate  strata,  then  occa* 
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fiionnlly  feldspathic  streams  and  abuodant  mineral 
exhalations  during  the  gypseoos  or  cretaceo-oolitio 
period ;  then  the  eruptions  of  the  XJspallata  range,  and 
at  an  ancient  but  unknown  period,  when  the  sea  came 
np  to  the  eastern  foot  of  the  Cordillera,  streams  of  ba- 
saltic lava  at  the  foot  of  the  Portillo  range ;  then  the 
old  Tertiary  eruptions ;  and  lastly,  there  are  here  and 
there  amongst  the  mountains  much  worn  and  appa- 
rently very  ancient  volcanic  formations  without  any 
craters ;  there  are,  also,  craters  quite  extinct,  and  others 
in  the  condition  of  solfataras,  and  others  occasionally 
or  habitually  in  fierce  action.  Hence  it  wonld  appear 
that  the  Cordillera  has  been,  probably  with  some 
quit'.scent  porioils,  a  source  of  volcanic  matter  from  an 
epoch  anterior  to  our  cretaceo-oolitic  formation  to  the 
present  day ;  and  now  the  earthquakes,  daily  recurrent 
on  some  part  of  the  western  coast,  give  little  hope 
that  the  subterranean  energy  is  expended. 

Recurring  to  the  evidence  by  which  it  was  shown 
that  some  at  least  of  the  parallel  ridges,  which  together 
compose  the  Cordillera,  were  successively  and  slowly 
upthrovvn  at  widely  different  periods;  and  that  the 
whole  range  certainly  once,  and  almost  certainly  twice, 
subsided  some  thousand  feet,  and  being  then  brought 
np  by  a  slow  movement  in  mass,  again,  during  the  old 
Tertiary  formations,  subsided  several  hundred  feet,  and 
ngain  was  brought  up  to  its  present  level  by  a  slow  and 
often  interrupted  movement;  we  see  how  opposed  is 
this  complicated  history  of  changes  slowly  ellected,  to 
the  views  of  those  geologists  who  believe  that  this 
great  mountain-chain  was  formed  in  lat«  times  by  a 
single  blow.  I  have  endeavoured  elsewhere  to  show,* 
that  the  excessively  disturbed  condition  of  the  strata 
in  the  Cordillera,  so  far  from  indicating  single  periods 
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of  extreme  violence,  presents  insuperable  diflBculties, 
except  on  the  admission  that  the  masses  of  once  lique- 
fied rocks  of  th^  axes  were  repeatedly  injected  with 
intervals  sufiiciently  long  for  their  successive  cooling 
and  consolidation.  Finally,  if  we  look  to  the  analogies 
drawn  from  the  changes  now  in  progress  in  the  earth's 
crust,  whether  to  the  manner  in  which  volcanic  matter 
is  erupted,  or  to  the  manner  in  which  the  land  is  histo- 
rically known  to  have  risen  and  sunk :  or  again,  if  we 
look  to  the  vast  amount  of  denudation  which  every  part 
of  the  Cordillera  has  obviously  suffered,  the  changes 
through  which  it  has  been  brought  into  its  present  con- 
dition, will  appear  neither  to  have  been  too  slowly 
effected,  nor  to  have  been  too  complicated. 

NoTB. — As,  both  in  France  and  England,  translations  of  a  passage 
in  Prof.  Ehrenberg*s  Memoir,  often  referred  to  in  the  Eleventh 
Chapter  of  this  volume,  have  appeared,  implying  that  Prof.  Bhrenberg 
believes,  from  the  character  of  the  Infusoria,  that  the  Pampean  for- 
mation was  deposited  by  a  sea-debacle  rushing  over  the  land,  I  may 
state,  on  the  authority  of  a  letter  to  me,  that  these  translations  are 
incorrect.  The  following  is  the  passage  in  question : — *  Durch 
Beachtnngder  mikroscopischen  Formen  hat  sioh  nun  f  eststellenlassen, 
dass  die  Mastodon  ten-Lager  am  La  Plata  ond  die  Enochen-Lager 
am  Monte  Hermoso,  so  wie  die  der  Riesen-Giirtclthiere  in  den 
Dunenhiigeln  bei  Bahia  Blanca,  beides  in  Patagonien,  unverfinderte 
brakische  Sdsswasserbildungen  sind,  die  einst  wohl  s&mmtlich 
sum  obersten  Fluthgebiethe  des  Meeres  im  tieferen  Festlande 
gehorten.' — MonaUberickte  der  Mnigk  Akad.  etc^  *u  Berlin  vom 
AjhtU  184&. 
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why  the  law  of  action  of  tlie  lever  is  What  if,  is,  or  why  fluid 
equilibrium  and  fluid  motion  exhibit  the  relations  which  they 
do,  the  answer  furnished  by  mathematicians  consists  in  the 
disoloaure  of  the  principle  of  virtual  velofcilics — a.  principle 
holding  true  alike  in  fluids  and  solids— ^a  principle  under 
which  the  others  are  comprehended,  Anfi  similarly,  tho  in- 
light  obtained  into  the  phenomena  of  ch^ical  combination, 
heat,  electricity,  &c.,  implies  that  a  raliotale  of  tiicm,  whon 
fotmd,  will  be  tho  exposition  of  some  hiaily  {^neral  fact  re- 
specting the  constitutioR  of  matter,  if  which  chemical, 
electrical,  and  thermal  facts,  are  merely  diSerent  mani- 
festations. 

lathis  process  limited  or  unlimited?!  Can  we  go  on  for 
ever  explaining  classes  of  facts  by  inclufling  them  iti  larger 
classes ;  or  must  we  eventually  come  to  d  largest  class  ?  The 
supposition  that  the  process  is  unlimitm,  were  any  one  ab- 
surd enough  to  espouse  it,  would  still  inqily  that  an  ultimate 
explanation  could  not  be  reached  ;  ainci  infinite  time  would 
be  required  to  reach  it.  AVTiile  Ihe  uiavoidable  conclusion 
that  it  is  limited  (proved  not  only  by  the  finite  sphere  of 
observation  open  to  us,  but  olao  by  the  diminution  in  the 
number  of  generalizations  that  necessdrily  accompanies  in- 
crease of  their  breadth)  equally  implies  that  the  ultimate 
fact  cannot  be  understood.  For  if  the  successively  deeper  in- 
terpretations of  nature  which  constitute  advancing  knowledge, 
are  merely  successive  inclusions  of  special  truths  in  general 
truths,  and  of  general  truths  in  truths  still  more  general ;  it 
obviously  follows  that  the  most  general  truth,  not  admitting 
of  inclusion  in  any  other,  does  no  admit  of  interpretation. 
Manifestly,  as  the  most  general  cognition  at  which  we  arrive 
eanhol  be  reduced  to  a  more  general  one,  it  cannot  be  under* 
■tood.  Of  necessity,  therefore,  explanation  must  eventually 
bring  ufl  down  to  the  inexplicable.  The  deepest  truth  which 
we  can  got  at,  must  be  unaccountable.  Comprehension  must 
become  something  other  than  eoraprehensioii,  before  the  uIli- 
mate  fact  can  be  comprehended. 
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§  24.  The  inference  which  we  thus  find  forced  upon  m 
when  we  analyze  the  product  of  thought,  as  exhibited  ob- 
jectively in  scientific  generalizations,  is  equally  forced  upon  us 
by  an  analysis  of  the  process  of  thought,  as  exhibited  sub- 
jectively in  consciousness.  The  demonstration  of  the  neces- 
tarily  relative  character  of  our  knowledge,  as  deduced  from 
the  nature  of  intelligence,  has  been  brought  to  its  most 
definite  shape  by  Sir  William  Hamilton.  I  cannot  here  do 
better  than  extract  from  his  essay  on  the  "Philosophy  of 
the  Unconditioned,"  the  passage  containing  the  substance  of 
his  doctrine. 

"  The  mind  can  conceive,"  he  argues,  "  and  consequently 
can  know,  only  the  Umited,  and  the  cofidithnally  limited.  The 
unconditionally  unlimited,  or  the  Infinifey  the  uncondition- 
ally limited,  or  the  AhsolutCy  cannot  positively  be  construed  to 
the  mind ;  they  can  be  conceived,  only  by  a  thinking  away 
from,  or  abstraction  of,  those  very  conditions  imder  which 
thought  itself  is  realized ;  consequently,  the  notion  of  the 
Unconditioned  is  only  negative, — negative  of  the  conceivable 
itself.  For  example,  on  tlie  one  hgind  we  can  positively  conceive, 
neither  an  absolute  whole,  that  is,  a  whole  so  great,  that  wo 
cannot  also  conceive  it  as  a  relative  part  of  a  still  greater 
whole ;  nor  an  absolute  part,  that  is,  a  part  so  small,  that  we 
cannot  also  conceive  it  as  a  relative  whole,  divisible  into  smaller 
parts.  On  the  otlier  hand,  we  cannot  positively  represent,  or 
realize,  or  construe  to  the  mind  (as  here  understanding  and 
imagination  coincide),  an  infinite  whole,  for  this  could  only 
be  done  by  the  infinite  sj-nthesis  in  thought  of  finite  wholes, 
which  would  itself  require  an  infinite  time  for  its  accomplish- 
ment ;  nor,  for  tlie  same  reason,  can  we  follow  out  in  thought 
an  infinite  divisibility  of  parts.  The  result  is  the  same, 
whether  we  apply  the  process  to  limitation  in  space,  in  timey 
or  in  degree.  The  unconditional  negation,  and  the  uncondi- 
tional affirmation  of  limitation  ;  in  other  words,  the  infinite 
and  absolute,  properly  so  cal^d,  are  thus  equally  inconceiv- 
able to  us. 
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**  Am  the  conditionally  limited  (which  we  may  briefly  caD 
ihe  conditioned)  is  thus  the  only  possible  object  of  knowledge 
and  of  positive  thought — thought  necessarily  supposes  condi- 
tions. To  think  is  to  condition/  and  conditional  limitation  ia 
the  fiindamental  law  of  the  possibility  of  thought.  Tor,  aa 
the  greyhound  cannot  outstrip  his  shadow,  nor  (by  a  moro 
appropriate  simile)  the  eagle  outsoar  the  atmosphere  in  which 
he  floats,  and  by  which  alone  he  may  be  supported ;  so  the 
mind  cannot  transcend  that  sphere  of  limitation,  within  and 
through  which  exclusively  the  possibility  of  thought  i« 
realized.  Thought  is  only  of  the  conditioned ;  because,  as  we 
have  said,  to  think  is  simply  to  condition.  The  absolute  is 
conceived  merely  by  a  negation  of  conceivabUity ;  and  all 
that  we  know,  is  only  known  as 

*  won  from  the  void  and  formless  mjhtiie' 

How,  indeed,  it  could  ever  be  doubted  that  thought  is  only  of 
the  conditioned,  may  well  be  deemed  a  matter  of  theprofoundest 
admiration.  Thought  cannot  transcend  consciousness;  con- 
sciousness is  only  possible  imder  the  antithesis  of  a  subject 
and  object  of  thought,  known  only  in  correlation,  and  mutually 
limiting  each  other ;  while,  independently  of  this,  all  that  we 
know  either  of  subject  or  object,  either  of  mind  or  matter,  is 
only  a  knowledge  in  each  of  the  particular,  of  the  plural,  of 
the  different,  of  the  modified,  of  the  phaBnomenal.  We  admit 
that  the  consequence  of  this  doctrine  is, — that  philosophy,  it 
viewed  as  more  than  a  science  of  the  conditioned,  is  impossi- 
ble. Departing  from  the  particiilar,  we  admit,  that  we  can 
never,  in  our  highest  generalizations,  rise  above  the  finite ; 
that  our  knowledge,  whether  of  mind  or  matter,  can  be 
nothing  more  than  a  knowledge  of  the  relative  manifestatioua 
of  an  existence,  which  in  itself  it  Ls  our  highest  wisdom  to 
recognize  as  beyond  the  reach  of  philosophy, — in  the  language 
ot  St  Austin, — *  cognoscendo  ignorari,  et  ignorando  cognosci,* 
**  The  conditioned  is  the  mean  between  two  extremes, — ^two 
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inoonditionateSy  exclusiye  of  each  other,  neither  of  which  can 
be  conceived  as  possibk,  but  of  which,  on  the  principles  of  con- 
tradiction and  excluded  middle,  one  must  be  admitted  as 
necessary.  On  this  opinion,  therefore,  reason  is  shown  to 
be  weak,  but  not  deccitfuL  The  mind  is  not  represented  as 
conceiving  two  propositions  subyersive  of  each  other,  as 
equally  possible ;  but  only,  as  unable  to  understand  as  possi* 
ble,  either  of  two  extremes;  one  of  which,  however,  on 
the  ground  of  their  mutual  repugnance,  it  is  compelled 
to  recognize  as  true.  We  are  thus  taught  the  salutary 
lesson,  that  the  capacity  of  thought  is  not  to  be  constituted 
into  the  measure  of  existence ;  and  are  warned  from  recogniz- 
ing tho  domain  of  our  knowledge  as  necessarily  co-extensive 
with  the  horizon  of  our  faith.  And  by  a  wonderful  revelation, 
we  are  thus,  in  the  very  consciousness  of  our  inability  to 
conceive  auglit  above  the  relative  and  finite,  inspired  with  a 
belief  in  the  existence  of  something  unconditioned  beyond  the 
sphere  of  all  comprehensible  n>a]ity." 

Clear  and  conclusive  as  this  statement  of  the  case  appears 
when  carefully  studied,  it  is  expressed  in  so  abstract  a 
manner  as  to  be  not  very  intelligible  to  the  general  reader. 
A  more  popular  presentation  of  it,  with  illustrative  applica- 
tions, as  given  by  Mr  Mansel  in  his  "  Limits  of  Religious 
Thought,"  will  make  it  more  fully  understood.  The  follow- 
ing extracts,  which  I  take  the  liberty  of  making  from  his 
pages,  will  suffice. 

"  The  very  conception  of  consciousness,  in  whatever  mode 
it  may  be  manifested,  necessarily  implies  distinction  between 
one  object  and  another.  To  be  conscious,  we  must  be  conscious 
i)f  something ;  and  that  something  can  only  be  known,  as 
that  which  it  is,  by  being  distinguished  from  that  which  it  is 
not.  But  distinction  is  necessarily  limitation  ;  for,  if  one 
object  is  to  bo  distinguished  from  another,  it  must  possess 
some  form  of  existence  which  the  other  has  not,  or  it  must 
not  possess  some  form  which  the  other  has.    But  it  is  obvious 
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ihe  Infinite  cannot  be  distinguished,  as  such,  from  the  Finite, 
by  the  absence  of  any  quality  which  the  Finite  possesses  ;  for 
Buch  absence  wo\ild  be  a  limitation.  Nor  yet  can  it  be  dis- 
tinguished by  the  presence  of  an  attribute  which  the  Finite 
has  not ;  for,  as  no  finite  part  can  be  a  constituent  of  an 
infinite  whole,  this  differential  characteristic  must  itself  Ik. 
Infinite ;  and  must  at  the  same  time  have  nothing  in  common 
with  the  finite.  We  are  thus  thrown  back  upon  our  former 
impossibility ;  for  tnis  second  infinite  will  be  distinguished 
from  the  finite  by  the  absence  of  qualities  which  the  latter 
possesses.  A  consciousness  of  the  Infinite  as  such  thus  neces- 
sarily involves  a  self-contradiction  ;  for  it  implies  the  recogni- 
tion, by  limitation  and  difference,  of  that  which  can  only  bo 
g^ven  as  unlimited  and  indifferent.         ♦         ♦         ♦ 

"  This  contradiction,  which  is  utterly  inexplicable  on  the 
supposition  that  the  infinite  is  a  positive  object  of  human 
thought,  is  at  once  accounted  for,  when  it  is  regarded  as  the 
mere  negation  of  thought.  If  all  thought  is  limitation  ; — if 
whatever  we  conceive  is,  by  the  very  act  of  conception, 
regarded  as  finite, — the  infinite,  from  a  human  point  of  view, 
is  merely  a  name  for  the  absence  of  those  conditions  under 
which  thought  is  possible.  To  speak  of  a  Conception  of  the 
Infinite  is,  therefore,  at  once  to  affirm  those  conditions  and  to 
deny  them.  The  contradiction,  which  we  discover  in  such  a 
conception,  is  only  that  which  we  have  ourselves  placed  there, 
by  tacitly  assuming  the  conceivability  of  the  inconceivable. 
The  condition  of  consciousness  is  distinction ;  and  condition 
of  distinction  is  limitation.  We  can  have  no  consciousness  of 
Being  in  general  which  is  not  some  Being  in  particular :  a 
thing,  in  consciousness,  is  one  thing  out  of  many.  In  assum- 
ing the  possibility  of  an  infinite  object  of  consciousness,  I 
assume,  therefore,  that  it  is  at  the  same  time  limited  and 
unlimited ; — actually  something,  without  which  it  could  not 
be  an  object  of  consciousness,  and  actually  nothing,  without 
which  it  coTild  not  be  infinite.         •         ♦        ♦ 

*^  A  second  characteristic  of  Consciousness  is,  that  it  is  only 
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possible  in  the  form  of  a  relation.  There  mnst  be  a  Subject, 
or  person  conacioas,  and  an  Object,  or  thing  of  which  he  is 
conscions.  There  can  be  no  oonadonsneas  without  the 
onion  of  these  two  £ictors ;  and,  in  that  onion,  each  existF 
only  as  it  19  related  to  the  other.  The  sobject  is  a  subject, 
only  in  50  far  as  it  is  conacioos  of  an  object :  the  object  is  an 
object,  only  in  so  far  as  it  is  apprehended  by  a  subject :  and 
the  destruction  of  either  is  the  destroctkui  oS  consciooanefle 
itself.  It  is  thus  manifest  that  a  consciousness  of  the  Abso- 
lute is  equally  self-contradictory  with  that  of  the  Infinite. 
To  be  conscious  of  the  Absolute  as  such,  we  must  know  that 
an  object,  which  is  given  in  relati<Hi  to  our  consciousness,  is 
identical  with  one  which  exists  in  its  own  nature,  out  of  all 
relation  to  consciousness.  But  to  know  this  identity,  we 
mast  be  able  to  compare  the  two  together ;  and  such  a  com- 
parison is  itself  a  contradiction.  We  are  in  fact  required  to 
compare  that  of  which  we  are  conscious  with  that  of  which 
we  are  not  conscious  ;  the  comparison  itself  being  an  act  of 
consciousness,  and  only  possible  through  the  consciousness  of 
lx>th  its  objects.  It  is  thus  manifest  that,  even  if  we  could 
bo  conscious  of  the  absolute,  we  could  not  possibly  know  that 
it  is  the  abs(ilute  :  and,  as  we  can  be  conscious  of  an  object  as 
such,  only  by  knowing  it  to  be  what  it  is,  this  is  equivalent 
to  an  admis-sion  that  we  cannot  be  conscious  of  the  absolute 
at  all.  An  an  object  of  consciousness,  every  thing  is  neces- 
sarily relative  ;  and  what  a  thing  may  be  out  of  consciousness^ 
no  mode  of  consciousness  can  tell  us. 

"  This  contradiction,  again,  admits  of  the  same  explanation 
as  the  former.  Our  whole  notion  of  existence  is  necessarily 
relative ;  for  it  is  existence  as  conceived  by  us.  But  Existence, 
OS  wo  conceive  it,  is  but  a  name  for  the  several  ways  in  which 
objects  arc  presented  to  our  consciousness, — a  general  term, 
embracing  u  variety  of  relations.  Tfie  Absolute,  on  the  other 
hand,  is  a  term  expressing  no  object  of  thought,  but  only  a 
denial  of  the  relation  by  which  thought  is  constituted.  To 
flissume  absolute  existence  as  an  object  of  thought,  is  thus  to 
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suppose  a  relation  existing  when  the  related  terms  exist  no 
longer.  An  object  of  thought  exists,  as  such,  in  and  through 
its  relation  to  a  thinker ;  while  the  Absolute,  as  such,  is  inde- 
pendent of  all  relation.  The  Conception  of  the  Absolute  thiw 
implies  at  the  same  time  the  presence  and  absence  of  the  re- 
lation by  which  thought  is  constituted ;  and  our  various  en- 
deavours to  represent  it  are  only  so  many  modified  forms  of 
the  contradiction  involved  in  our  original  assumption.  Here, 
too,  the  contradiction  is  one  which  we  ourselves  have  made. 
It  does  not  imply  that  the  Absolute  cannot  exist ;  but  it  im- 
plies, most  certainly,  that  we  cannot  conceive  it  as  existing." 
Here  let  me  point  out  how  the  same  general  inference  may 
be  evolved  from  another  fundamental  condition  of  thought, 
omitted  by  Sir  W.  Hamilton,  and  not  supplied  by  Mr  Man- 
sel ; — a  condition  which,  under  its  obverse  aspect,  we  have  al- 
ready contemplated  in  the  last  section.  Every  complete  act 
of  consciousness,  besides  distinction  and  relation,  also  implies 
likeness.  Before  it  can  become  an  idea,  or  constitute  a  piece 
of  knowledge,  a  mental  state  must  not  only  be  known  as 
separate  in  kind  from  certain  foregoing  states  to  which  it  is 
known  as  related  by  succession ;  but  it  must  further  be  known 
as  of  the  same  kind  with  certain  other  foregoing  states. 
That  organization  of  changes  which  constitutes  thinking,  in- 
volves continuous  integration  as  well  as  continuous  differenti- 
ation. Were  each  new  affection  of  the  mind  perceived 
simply  as  an  affection  in*  some  way  contrasted  with  the 
preceding  ones — were  there  but  a  chain  of  impressions,  each 
of  which  as  it  arose  was  merely  distinguished  from  its  prede- 
cessors ;  consciousness  would  be  an  utter  chaos.  To  produce 
that  orderly  consciousness  which  we  call  intelligence,  there 
roqidres  the  assimilation  of  each  impression  to  others, 
tHat  occurred  earlier  in  the  series.  Both  the  successive 
mental  states,  and  the  successive  relations  which  they  bear  to 
each  other,  must  be  classified ;  and  classification  involves  not 
only  a  parting  of  the  unlike,  but  also  a  binding  together  of 
the  like.     In  brief,  a  true  cognition  is  possible  only  through 
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■n  accompanying  recognidon.  Should  it  be  objected 

that  if  so,  there  cannot  be  a  first  cognition,  and  hence  there 
can  be  no  cognition ;  the  reply  is,  that  cognition  proper  arisen 
gradually — that  during  the  first  stage  of  incipient  intelligence, 
before  the  feelings  produced  by  intercourse  with  the  outer  world 
have  been  put  into  order,  there  are  no  cognitions,  strictly  so 
called;  and  that,  as  every  infant  shows   us,   these   slowly 
emerge  out  of  the  confusion  of  tmfolding  cousciousness  as 
fast  as  the  experiences  are  arranged  into  groups — as  fast  as 
the  most  frequently  repeated  sensations,  and  their  relations  to 
each  other,  become  familiar  enough  to  admit  of  their  recog- 
nition as  such  or  such,  whenever  they  recur.     Should  it  be 
further  objected  that  if  cognition  pre-supposes  recognition, 
there  can  be  no  cognition,  even  by  an  ad\ilt,  of  an  object 
never  before  seen  ;  there  is  still  the  sufficient  answer  that  in 
so  far  as  it  is  not  assimilated  to  previously-seen  objects,  it  is 
not  known,  and  that  it  is  known  in  so  far  as  it  is  assimilated 
to  them.     Of  this  paradox  the  interpretation  is,  that  an  object 
is  classifiable  in  vanous  ways,  with  various  degrees  of  com- 
pleteness.    An    animal  hitherto   unknown  (mark  the  word), 
though  not  referable  to  any  established  species  or  genus,  is 
yet  recognized  as  belonging   to  one  of  the   larger  divisions 
— mammals,    birds,   reptiles,  or  fishes  ;    or  should   it  be   so 
momalous  that  its  alliance  with  any  of  these  is  not  determin- 
able, it  may  yet  be  classed  as  vertebrate  or  invertebrate  ;  or  if 
it  be  one  of  those  organisms  of  which  it  is  doubtful  whether 
the  animal  or  vegetal  characteristics  predominate,  it  is  still 
known   as   a   living  body ;    even  shoiild  it  be   questioned 
wliethcr  it  is  organic,  it  remains  beyond  question  that  it  is  a 
material  object,  and  it  is  cognized  by  being  recognized  aa 
such.     Whence  it  is  manifest  that  a  thing  is  perfectly  known 
only  when  it  is  in  all  respects  like  certain  things  previously 
j>bserved ;  that  in  proportion  to  the  number  of  respects  in 
which  it  is  unlike  tliem,  is  the  extent  to  which  it  is  unknown ; 
and  that  hence  when  it  has  absolutely  no  attribute  in  cojoamon 
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w'th  anything  eke,  it  must  bo  absolutely  beyond  the  boondB 
of  knowledge. 

Observe  the  corollary  which  here  concerns  us.  A  cogni- 
tion of  the  Heal,  as  distinguished  from  the  Phenomenal,  must, 
if  it  exists,  conform  to  this  law  of  cognition  in  general.  The 
First  Cause,  The  Infinite,  the  Absolute,  to  bo  known  at  oil, 
must  be  classed.  To  be  positively  thought  of,  it  must  be 
thought  of  as  such  or  such — as  of  this  or  that  kind.  Can  it 
be  like  in  kind  to  anything  of  which  we  have  sensible 
experience  ?  Obviously  not.  Between  the  creating  and  the 
created,  there  must  be  a  distinction  transcending  any  of  the 
distinctions  existing  between  different  divisions  of  the  created. 
That  which  is  uncaused  cannot  be  assimilated  to  that  which 
is  caused :  the  two  being,  in  the  very  naming,  antithetically 
opposed.  The  Infinite  cannot  be  grouped  along  with  some- 
thing that  is  finite  ;  since,  in  being  so  grouped,  it  must  bo 
regarded  as  not-infinite.  It  is  impossible  to  put  the  Abso- 
lute in  the  same  category  with  anything  relative,  so  long  ad 
the  AbBolut«  is  defined  as  that  of  which  no  necessary  relation 
can  be  predicated.  Is  it  then  that  the  Actual,  though  un- 
thinkable by  classification  with  the  Apparent,  is  thinkable  by 
classification  with  itself?  This  supposition  b  equally  absurd 
with  the  other.  It  implies  the  plurality  of  the  First  Cause, 
the  Infinite,  the  Absolute ;  and  this  implication  is  self-contra- 
dictory. There  cannot  be  more  than  one  First  Cause  ;  seeing 
that  the  existence  of  more  than  one  would  involve  the  existencs 
of  something  necessitating  more  than  one,  which  something 
would  be  the  true  First  Cause.  How  self-deetnictive  is  th« 
assumption  of  two  or  more  Infinites,  is  manifest  on  remember- 
ing that  such  Infinites,  by  limiting  each  other,  would  becomg 
finite.  And  similarly,  an  Absolute  which  existed  not  alona  ^ 
bat  along  with  other  Absolutes,  would  no  longer  bo  an  abso- 
lute but  a  relative.  The  Unconditioned  therefore,  as  clossable 
neither  with  any  form  of  the  conditioned  nor  with  any  other 
TTnconditioned,  cannot  be  classed  at  all.  And  to  admit  that 
it  cannot  be  known  as  of  snch  or  such  kind,  is  to  admit  that 
it  is  unknowable. 
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Thus,  from  the  Tery  nature  of  thouglit,  the  lelatiTitj  of  ooi 
knowledge  is  inferable  in  three  seTeral  ways.  As  we  find  bj 
analyzing  it,  and  as  we  see  it  objectiTely  displayed  in  every 
proposition,  a  thought  inrolves  relation^  difference^  likeness. 
Whatever  does  not  present  each  of  these  does  not  admit  of 
cognition.  And  hence  we  may  say  that  the  Unconditioned^  as 
presenting  none  of  them,  is  trebly  unthinkable, 

§  25.  From  yet  another  point  of  view  we  may  discern  the 
same  great  truth.  If,  instead  of  examining  our  intellectual 
powers  directly  as  exhibited  in  the  act  of  thought,  or  indirectly 
as  exhibited  in  thought  when  expressed  by  words,  we  look  at 
the  connexion  between  the  mind  and  the  world,  a  like  conclu- 
sion is  forced  upon  us.  In  the  very  definition  of  Life,  when 
reduced  to  its  most  abstract  shape,  this  ultimate  implication 
becomes  visible.  * 

All  \'ital  actions,  considered  not  separately  but  in  their 
ensemble,  have  for  their  final  purpose  the  balancing  of  certain 
outer  processes  by  certain  inner  processes.  There  are  unceasing 
external  forces  tending  to  bring  the  matter  of  which  organic 
bodies  consist,  into  that  state  of  stable  equilibrium  displayed 
by  inorganic  bodies;  there  are  internal  forces  by  which 
this  tendency  is  constantly  antagonized;  and  the  perpetual 
changes  which  constitute  Life,  may  be  regarded  as  incidental 
to  the  maintenance  of  the  antagonism.  To  preserve  the 
erect  posture,  for  instance,  we  see  that  certain  weights  have 
to  be  neutralized  by  certain  strains  :  each  limb  or  other  organ, 
gravitating  to  the  Earth  and  pulling  down  the  parts  to  which 
it  is  attached,  has  to  be  preserved  in  position  by  the  tension 
of  sundry  muscles ;  or  in  other  words,  the  group  of  forces 
which  would  if  allowed  bring  the  body  to  the  ground,  has  to 
be  counterbalanced  by  another  group  of  forces.  Again,  to 
keep  up  the  temperature  at  a  particular  point,  the  external 
process  of  radiation  and  absorption  of  heat  by  the  surround- 
ing medium,  must  be  met  by  a  corresponding  internal  process 
of  chemical  combination,  whereby  more  heat  may  be  evolved ; 
to  which   add,   that  if  from  atmospheric  chanj>es   the  lost 
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liecomes  greater  or  less,  the  production  must  become  greater  or 
less.  And  similarly  throughout  the  organic  actions  in  general. 
When  we  contemplate  the  lower  kinds  of  life,  we  see  that 
the  correspondences  thus  maintained  are. direct  and  simple  ; 
as  in  a  plant,  the  vitality  of  which  mainly  consists  in  osmotic 
and  chemical  actions  responding  to  the  co-existence  of  light, 
heat,  water,  and  carbonic  acid  aroimd  it.  But  in  animals,  and 
especially  in  the  higher  orders  of  them,  the  correspondences 
become  extremely  complex.  Materials  for  growth  and 
repair  not  being,  like  those  which  plants  require,  everywhere 
present,  but  being  widely  dispersed  and  under  special  forms, 
have  to  be  found,  to  be  secured,  and  to  be  reduced  to  a  fit  state 
for  assimilation.  Hence  the  need  for  locomotion ;  hence  the  need 
for  the  senses  ;  hence  the  need  for  prehensile  and  destructive 
appliances ;  hence  the  need  for  an  elaborate  digestive  appa- 
ratus. Observe,  however,  that  these  successive  complications 
are  essentially  nothing  but  aids  to  the  maintenance  of  the 
organic  balance  in  its  integrity,  in  opposition  to  those  physical, 
i*hemical,  and  other  agencies  which  tend  to  overturn  it.  And 
observe,  moreover,  that  while  these  successive  complications 
subserve  this  fimdamental  adaptation  of  inner  to  outer  actions, 
they  are  themselves  nothing  else  but  further  adaptations  of 
inner  to  outer  actions.  For  what  are  those  movements  by 
which  a  predatory  creature  pursues  its  prey,  or  by  which  its 
prey  seeks  to  escape,  but  certain  changes  in  the  organism 
fitted  to  meet  certain  changes  in  its  environment  ?  What  is 
that  compound  operation  which  constitutes  the  perception  of 
a  piece  of  food,  but  a  particular  correlation  of  nervous  modifi- 
cations, answering  to  a  particular  correlation  of  physical  pro- 
perties P  What  is  that  process  by  which  food  when  swallowed 
is  reduced  to  a  fit  form  for  assimilation,  but  a  set  of  mechanical 
and  chemical  actions  responding  to  the  mechanical  and 
ehemical  actions  which  distinguish  the  foodP  Whence 
it  becomes  manifest,  that  while  Life  in  its  simplest  form  is  the 
correspondence  of  certain  inner  physico-chemical  actions  with 
oertain  outer  physico-chemical  actions,  each  advance  to  a  higher 
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form  of  Ijife  consists  in  a  better  preservation  of  this  primary 
correspondence  by  the  establishment  of  other  correspondenoes. 
Divesting  this  conception  of  all  superfluities  and  reducing 
it  to  its  most  abstract  shape,  we  see  that  Life  is  definable  as 
the  continuous  adjustment  of  internal  relations  to  externa] 
relations.  And  when  we  so  define  it,  we  discover  that  the 
physical  and  the  psychial  life  are  equally  comprehended  by 
the  definition.  We  perceive  that  this  which  we  call  Intelli- 
gence, shows  itself  when  the  external  relations  to  which  the 
internal  ones  are  adjusted,  begin  to  be  numerous,  complex,  and 
remote  in  time  or  space  ;  that  every  advance  in  Intelligence 
essentially  consists  in  the  establishment  of  more  varied,  more 
complete,  and  more  involved  adjustments  ;  and  that  even  the 
highest  achievements  of  science  are  resolvable  into  mental  rela- 
tions of  co-cxisteiicc  and  sequence,  so  co-ordinated  as  exactly  to 
tally  witli  certain  relations  of  co-existence  and  sequence  that 
occur  externally.  A  caterpillar,  wandering  at  random  and  at 
length  finding  its  way  on  to  a  plant  having  a  certain  odour, 
begins  to  eat — has  inside  of  it  an  organic  relation  between 
a  particular  impression  and  a  particular  set  of  actions,  answer- 
ing to  the  relation  outside  of  it,  between  scent  and  nutriment. 
The  sparrow,  guided  by  the  more  complex  correlation  of  impres- 
sions wliich  tlie  colour,  fonn,  and  movements  of  the  caterpillar 
gave  it ;  and  guided  also  by  other  correlations  which  measure 
tlie  position  and  distance  of  the  caterpillar ;  adjusts  certain 
3or related  muscular  movements  in  such  way  as  to  seize  the 
caterpillar.  Through  a  much  greater  distance  in  space  is  the 
hawk,  holering  above,  affected  by  the  relations  of  shape  and 
motion  which  the  sparrow  presents  ;  and  the  much  more  com- 
plicated and  prolonged  series  of  related  nervous  and  muscular 
changes,  gone  through  in  correspondence  with  the  sparrow's 
changing  relations  of  position,  finally  succeed  when  they  are 
precisely  adjusted  to  these  changing  relations.  In  the  fowler, 
experience  has  established  a  relation  between  the  appearance 
and  flight  of  a  hawk  and  the  destruction  of  other  birds,  includ 
ing  game ;  there  is  also  in  him  an  established  relation  betweeo 
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those  visual  impressions  answering  to  a  certain  distance  in 
space,  and  the  range  of  his  gun ;  and  he  has  learned^  too, 
by  frequent  observation,  what  relations  of  position  the 
•ights  must  bear  to  a  point  somewhat  in  advance  of  the  fly- 
ing bird,  before  he  can  fire  with  success.  Similarly  if  we 
go  back  to  the  manufacture  of  the  gun.  By  relations  of  co- 
existence between  colour,  density,  and  place  in  the  earth,  ft 
particular  mineral  is  known  as  one  which  yields  iron ;  and 
the  obtainment  of  iron  from  it,  results  when  certain  correlated 
acts  of  ours,  are  adjusted  to  certain  correlated  aflinities  dis- 
played by  ironstone,  coal,  and  lime,  at  a  high  temperature.  If 
we  descend  yet  a  step  further,  and  ask  a  chemist  to  explain  the 
explosion  of  gunpowder,  or  apply  to  a  mathematician  for  a 
theory  of  projectiles,  we  still  find  that  special  or  general  rela- 
tions of  co-existence  and  sequence  between  propei-ties,  mo- 
tions, spaces  &c.,  are  all  they  can  teach  us.  And  lastly,  let  it  be 
noted  that  what  we  call  truth,  guiding  us  to  successful  action 
and  the  consequent  maintenance  of  life,  is  simply  the  accurate 
correspondence  of  subjective  to  objective  relations ;  while  error ^ 
leading  to  failure  and  therefore  towards  death,  is  the  absence 
of  such  accurate  correspondence. 

If,  then.  Life  in  all  its  manifestations,  inclusive  of  Intelli- 
gence in  its  highest  forms,  consists  in  the  continuous  adjust- 
ment of  internal  relations  to  external  relations,  the  necessarily 
relative  character  of  our  knowledge  becomes  obvious.  The 
simplest  cognition  being  the  establishment  of  some  connexion 
between  subjective  states,  answering  to  some  connexion  be- 
tween objective  agencies ;  and  each  successively  more  complex 
cognition  being  the  establishment  of  some  more  involved  con- 
nexion of  such  states,  answering  to  some  more  involved  con- 
nexion of  such  agencies ;  it  is  clear  that  the  process,  no  matter 
how  far  it  be  carried,  can  never  bring  within  the  reach  of  Intel- 
ligence, either  the  states  themselves  or  tlie  agencies  themselves. 
Ascertaining  which  things  occur  along  with  which,  and  what 
things  follow  what,  supposing  it  to  be  pursued  exhaustively, 
must  still  leave  us  with  co-existences  and  sequences  only.     li 
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erery  act  of  knowing  is  the  formatiafi  of  a  relation  in  consci* 
ousness  parallel  to  a  relation  in  the  environment,  then  the  re- 
lativity of  knowledge  is  self-evident — ^becomes  indeed  a  tmisnL 
Thinking  being  reladoning,  no  thought  can  ever  express  more 
than  relationA. 

And  here  let  ns  not  orait  to  mark  how  that  to  which  onr 
intelligence  is  confined,  is  that  with  which  alone  our  intelli- 
gence is  concerned.  The  knowledge  within  our  reach,  is  the 
only  knowledge  that  can  be  of  service  to  us.  This  mainten- 
ance of  a  correspondence  between  internal  actions  and  exter- 
nal actions,  which  both  constitutes  our  life  at  each  moment 
and  is  the  means  whereby  life  is  continued  through  subsequent 
moments,  merely  requires  that  the  agencies  acting  upon  us 
shall  be  known  in  their  co-existences  and  sequences,  and  not 
that  they  shall  be  known  in  themselves.  If  r  and  y  are  two 
uniformly  connected  [iroperties  in  some  outer  object,  while  a 
and  h  are  the  effects  they  produce  in  our  consciousness  ;  and 
if  while  the  property  x  produces  in  us  the  indifferent  mental 
state  a,  the  property  y  produces  in  us  the  painful  mental  state 
h  (answering  to  a  physical  injury) ;  then,  aU  that  is  requisite 
for  our  guidance,  is,  that  x  being  the  imiform  accompaniment 
of  y  externally,  a  shall  be  the  uniform  accompaniment  of  h  in- 
ternally ;  80  that  when,  by  the  presence  of  x,  a  is  produced  in 
consciousness,  h,  or  rather  the  idea  of  6,  shall  follow  it,  and 
excite  the  motions  by  which  the  effect  of  y  may  be  escaped. 
The  sole  need  is  that  a  and  h  and  the  relation  between  them, 
shall  always  answer  to  x  and  y  and  the  relation  between  them. 
It  matters  nothing  to  us  if  a  and  h  are  like  x  and  y  or  not. 
Could  they  be  exactly  identical  with  them,  we  should  not  be 
one  whit  the  better  off;  and  their  total  dissimilarity  is  lo 
disadvantage  to  us. 

Deep  down  then  in  the  very  nature  of  Life,  the  relativity 
of  our  knowledge  is  discernible.  The  analysis  of  vital  actions 
in  general,  leads  not  only  to  the  conclusion  that  things  in  them- 
selves cannot  be  known  to  us  ;  but  also  to  the  conclusion  that 
knowledge  of  them,  were  it  possible,  would  be  useless. 
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I  26.  There  still  remains  the  Gnal  question — What  mast 
me  say  concerning  that  which  transcends  knowledge  P  Are 
we  to  rest  wholly  in  the  consciousness  of  phenomena  ? — is  the 
result  of  inquiry  to  exclude  utterly  from  our  minds  everything 
but  the  relative  ?  tr  must  we  also  believe  in  something  beyond 
the  relutive  ? 

The  an:iwer  oi  pure  logic  is  held  to  be,  that  by  the  limits 
ol  our  intelligence  wc  are  rigorously  confined  within  the  re- 
lative; and  that  anything  tranacending  the  relative  can  be 
thought  of  only  as  a  pure  negation,  or  as  a  non-existence. 
*'  The  absolute  is  conceived  merely  by  a  negation  of  conceiva- 
bility,"  writes  Sir  William  Hamilton.  "The  Absolute  and 
the  Infinite"  says  Mr  Manscl,  " are  thus,  like  the  Inconceiv- 
able and  the  Imperceptible,  names  indicating,  not  an  object  of 
thought  or  of  consci'^usness  at  all,  but  the  mere  abficnce  of  the 
conditions  under  which  consciousnesa  is  possible."  From  each 
of  which  extracts  may  be  deduced  the  conclusion,  that  since 
reason  cannot  warrant  us  in  affirming  the  positive  existence 
of  what  is  cogni^hle  only  as  a  negation,  we  cannot  rationally 
affirm  the  positive  existence  of  anything  beyond  phenomena. 

UnavoidaU'^  as  this  conclusion  seems,  it  involves,  I  think, 
a  grave  error.  If  the  premiss  be  granted,  the  inference  must 
doubtless  be  admitted ;  but  the  premiss,  in  the  form  presented 
by  Sir  William  Hamilton  and  Mr  Mansel,  is  not  strictly  true. 
Though,  in  the  foregoing  pages,  the  arguments  used  by  these 
writers  to  show  that  the  Absolute  is  unknowable,  have  been 
approvingly  quoted  ;  and  though  these  arguments  have  been 
enforced  by  others  equally  thoroughgoing ;  yet  there  remains 
to  be  stated  a  qualification,  which  saves  us  from  that  scepti- 
cism otherwise  necessitated.  It  is  not  to  be  denied  that  so 
long  as  we  confine  ourselves  to  the  purely  logical  aspect  of  the 
question,  the  propositions  quoted  aliove  must  be  accepted  in 
their  entirety ;  but  when  we  contemplate  its  more  general,  or 
psychological,  aspect,  we  find  that  these  propositions  are  im- 
perfect statements  of  the  truth :  omitting,  or  rather  excluding, 
u  they  do,  an  all-important  &ct.     To  speak  specifically :-» 
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Besides  that  definite  consciousness  of  which  Logic  formulates 
the  lawSy  there  is  also  an  indejinite  consciousness  which  cannot 
be  formulated.  Besides  complete  thoughts,  and  besides  the 
thoughts  which  though  incomplete  admit  of  completion,  there 
are  thoughts  which  it  is  impossible  to  complete ;  and  yet  which 
are  still  real,  in  the  sense  that  they  are  normal  affections  of 
the  intellect. 

Observe  in  the  first  place,  that  every  one  of  the  arguments 
by  which  the  relativity  of  our  knowledge  is  demonstrated, 
distinctly  postulates  the  positive  existence  of  something  be- 
yond the  relative.    To  say  that  we  cannot  know  the  Absolute, 
13,  by  impb'cation,  to  affirm  that  there  is  an  Absolute.     In  the 
very  denial  of  our  power  to  learn  what  the  Absolute  is,  there 
lies  hidden  the  assumption  that  it  is;    and  the  making  of 
this  assumption  proves  that  the  Absolute  has  been  present 
to  the  mind,  not  as  a  nothing,  but  as  a  something.    Similai-ly 
with  every  step  in  the  reasoning  by  which  this  doctrine  is 
upheld.     The  Noumenon,  everywhere  named  as  the  antithesis 
of  the  Phenomenon,  is  throughout  necessarily  thought  of  as 
an  actuality.     It  is  rigorously  impossible  to  conceive  that  our 
knowledge  is  a  knowledge  of  Appearances  only,  without  at  the 
same  time  conceiving  a  Reality  of  which  they  are  appearances  ; 
for  appearance  without  reality  is  unthinkable.      Strike  out 
from  the  argument  tlie  tenns  Unconditioned,  Infinite,  Absolute, 
with  their  equivalents,  and  in  place  of  them  write,  "  negation 
of  conceivability,"  or  "  absence  of  the  conditions  imder  which 
consciousness  is  possible,"  and  you  find  that  the  argument 
becomes  nonsense.    Truly  to  realize  in  thought  any  one  of  the 
propositions  of  which  the  argument  consists,  the  Unconditioned 
must  be  represented  as  positive  and  not  negative.  How  then  can 
it  be  a  legitimate  conclusion  from  the  argument,  that  our  con- 
sciousness of  it  is  negative  ?  An  argument,  the  very  construc- 
tion of  which  assigns  to  a  certain  term  a  certain  meaning, 
but  which  ends  in  showing  that  this  term  has  no  such  mean- 
ing, is  simply  an  elaborate  suicide.     Clearly,  then,  the  very 
demonstration  that  a  definite  consciousness  of  the  Absolute 
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vard  strain  pat  upon  the  carriage  while  it  ia  tmvelling 
through  that  Bpace.  Carrying  with  ua  the  conception 
thoa  reached,  we  will  now  consider  a  case  which  makes 
it  more  definite. 

When  used  as  a  plaything  by  boys,  a  ball  fastened  to 
the  end  of  an  india-rubber  string  yields  a  dear  idea  of 
the  correlation  between  perceptible  actiritj  and  latent  oc* 
tiTJty.  If,  retaining  one  end  of  the  string,  a  boy  throws  the 
ball  from  him  horizontally,  its  motion  is  resisted  by  the 
increasing  strain  on  the  string;  and  the  string,  stretched 
more  and  more  as  the  ball  recedes,  presently  brings  it  to 
rest.  Where  now  exists  the  principle  of  activity  which 
the  moving  ball  displayed  ?  It  exists  in  the  strained  thread 
of  india-rubber.  Under  what  form  of  changed  mole- 
cular state  it  exists  we  need  not  ask.  It  suffices  that  thn 
string  is  the  seat  of  a  tension  generated  by  the  motion  of  thn 
ball,  and  equivalent  to  it.  When  the  ball  has  been  arrested, 
the  stretched  string  begins  to  generate  in  it  an  opposite  mo- 
tion ;  and  continues  to  accelerate  that  motion  until  the  ball 
comes  back  to  the  point  at  which  the  stretching  of  the 
string  commenced — a  point  at  which,  but  for  loss  by  atmos- 
pheric resistance  and  molecular  redistribution,  its  velocity 
would  be  equal  to  the  original  velocity.  Here  the  truth  that 
the  principle  of  activity,  alternating  between  visible  and 
invisible  modes,  does  not  cease  to  exist  when  the  translation 
through  space  ceases  to  exist,  is  readily  comprehensible  ; 
and  it  becomes  easy  to  understand  the  corollary  that  at  each 
point  in  the  path  of  the  ball,  the  quantity  of  its  perceptible 
activity,  plus  the  quantity  which  is  latent  in  the  stretched 
string,  yield  a  constant  sum. 

Aided  by  this  illustration  we  can,  in  a  general  way,  con- 
Cdivo  what  happens  between  bodies  connected  with  ono 
another,  not  by  a  stretched  string,  but  by  a  traction  exer- 
cised through  what  seems  empty  space.  It  matters  not 
to  oar  general  conception  that  the  intensity  of  this  trac- 
tion varies   in   a    totally -different  manner :    decreasing  n& 
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the   square   of    tlie    distance  increases,    but    being    prac- 
tically constant  for  terrestrial  distances.     These  differences 
being  recognized,  there  is  nevertheless  to  be  recognized 
a  truth   common   to   both   cases.      The   weight    of   some- 
thing held  in  the  hand  shows  that  there  exists  between 
one  body  in  space  and  another,  a  strain :   this  downward 
pull,  ascribed  to  gravity,  affects  the  hand  as  it  might  be 
affected  by  a  stretched  elastic  string.     Hence,  when  a  bcdy 
projected  upwards  and  gradually  retarded  by  gravity,  finally 
stops,  we  must  regard  the  principle  of  activity  manifested 
during  its  upward  motion  but  disappearing  at  its  turning- 
point,  as  having  become  latent  in  the  strain  between  it  and 
the  Earth — a  strain  of  which  the  quantity  is  to  be  con- 
ceived   as    tlio   product   of    its  intensity  and  the    distauce 
through  which  it  acts.     Carrying  a  step  further  our  illus- 
tration    of  the   stretched   string,  will   elucidate   this.      To 
simulate  the  action  of  gravity  at  terrestrial  distances,  let 
us   imagine  that  when    the    attached    moving    body    has 
stretched  the  elastic  string  to  its  limit,  say  at  the  distance 
of  ten  feet,  a  second  like  string  could  instantly  be  tied  to 
the  eiid  of  the  first   and  to  the  body,  which,  continuing 
its  course,  stretched  this  second  string  to  an  equal  length, 
and  so  on  with  a  succession  of  such  strings,  till  the  body 
was  arrested.     Then,  manifestly,  the  quantity  of  the  prin- 
ciple  of  activity  which    the  moving  body  had   displayed, 
but  which  has  now  become  latent  in  the  series  of  stretched 
strings,  is  measured  by  the  number  of  such  strings  simi- 
larly  stretched — the  number  of  feet   through   which    tliis 
COD  Stan  t  strain  has   been   encountered,   and  over  which  U 
still  extends.     Now  though  we  cannot  conceive  the  tractive 
force  of  gravity    to    be  exercised   in  a  like  way — though 
the  gravitativo  action,  utterly  unknown  in  nature,  is  pro- 
bably a  resultant  of  actions  pervading  the  ethereal  medium; 
yet  the  above  analogy  suggests  the  belief  that  the   prin- 
ciple of   activity  in  a  moving  body   arrested   by    gravity, 
has  not  ceased  to  exist,  but  has  become  so  much  imper* 
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oeptible  or  latent  activity  iu  the  medium  occupying  space^ 
and  that  when  the  body  falls,  this  is  re-transformed  into 
its  equivalent  of  perceptible  activity.  If  we  conceive  the 
process  at  all,  we  must  conceive  it  thus :  otherwise,  we  have 
to  conceive  that  a  power  is  changed  into  a  space-relalion^ 
uXsd  this  is  inconceivable. 

Here^  then,  is  the  solution  of  the  difficulty.  The  spaco- 
element  of  Motion  is  not  in  itself  a  thing.  Change  of  position 
is  not  an  existence,  but  the  manifestation  of  an  existence. 
This  existence  may  cease  to  display  itself  as  translation ;  but 
it  can  do  so  only  by  displaying  itself  as  strain.  And  this 
principle  of  activity,  now  shown  by  translation,  now  by 
strain,  and  often  by  the  two  together,  is  alone  that  which 
in  Motion  we  can  call  continuous. 

§  58.  What  is  this  principle  of  activity  ?  Vision  gives 
us  no  idea  of  it.  If  by  a  mirror  we  cast  the  image  of 
an  illuminated  object  on  to  a  dark  wall,  and  then  suddenly 
changing  the  attitude  of  the  mirror,  make  the  reflected 
image  pass  from  side  to  side,  the  image,  if  recognized  as 
such,  does  not  raise  the  thought  that  there  is  present  in  it 
a  principle  of  activity.  Before  we  can  conceive  the  presence 
of  this,  we  must  regard  the  impression  yielded  through 
our  eyes  as  symbolizing  something  tangible — somethiDg 
which  offers  resistance.  Hence  the  principle  of  activity 
as  known  by  sight,  is  inferential :  visible  translation  sug- 
gests by  association  the  presence  of  a  principle  of  activity 
which  would  be  appreciable  by  our  skin  and  muscles  did 
we  lay  hold  of  the  body.  Evidently,  then,  this  jirinciple 
of  activity  which  Motion  shows  us,  is  the  objective  corre« 
late  of  our  subjective  sense  of  effort.  By  pushing  and  pidl- 
ing.  we  get  feelings  which,  generalized  and  abstracted,  5  eld 
our  ideas  of  resistance  and  tension.  Now  displayed  by 
changing  position  and  now  by  unchanging  strain,  this  prin- 
ciple of  activity  is  ultimately  conceived  by  us  under  the 
single  form  of  its  equivalent  muscular  effort.     So  that  the 


188  TBK  •CONTINDITT   OF   JfOllOM. 

oontiniiily  of   Motion,  as  well  as   the  indestructibility  of 
Matter,  is  really  known  to  us  in  terms  of  Force. 

§  59.  And  now  we  reach  the  essential  truth  to  be  here 
especially  noted.  All  proofs  of  the  Continuity  of  Motion 
involve  the  postulate  that  the  quantity  of  force  is  constant. 
Observe  what  results  when  we  analyze  the  reasonings  by 
which  the  Continuity  of  Motion,  as  here  understood,  is  shown. 

A  particular  planet  can  be  identified  only  by  its  constant 
power  to  affect  our  visual  organs  in  a  special  way.  Fur- 
ther, such  planet  has  not  been  seen  to  move  by  the  astro- 
nomical observer ;  but  its  motion  is  inferred  from  a  com- 
parison of  its  present  position  with  the  position  it  before 
occupied.  If  rigorously  examined,  this  comparison  proves 
to  be  a  comparison  between  the  different  impressions  pro- 
duced on  him  by  the  different  adjustments  of  his  observing 
instruments.  And,  manifestly,  the  validity  of  all  the  in- 
ferences drawn  from  these  likenesses  and  unlikenesses, 
depends  on  the  truth  of  the  assumption  that  these  masses 
of  matter,  celestial  and  terrestrial,  will  continue  to  affect 
his  senses  in  exactly  the  same  ways  under  the  same  con- 
ditions ;  and  that  no  changes  in  their  powers  of  affecting 
him  can  have  arisen  without  force  having  been  expended 
in  working  those  changes.  Going  a  step  further 

back,  it  turns  out  that  difference  in  the  adjustment  of  his 
observing  instrument,  and  by  implication  in  the  planet,  is 
meaningless  until  shown  to  correspond  with  a  certain  calcu- 
lated position  which  the  planet  must  occupy,  supposing  that 
no  motion  has  been  lost.  And  if,  finally,  we  examine  the 
implied  calculation,  we  find  that  it  takes  into  accc  iiiit 
those  accelerations  and  retardations  which  ellipticity  of  the 
orbit  involves,  as  well  as  those  variations  of  velocity  caused 
by  adjacent  planets — we  find,  that  is,  that  the  motion  is 
concluded  to  be  indestructible  not  from  the  uniform  velo- 
city of  the  planet,  but  from  the  constant  quantity  of  motion 
exhibited  when  allowance  is  made  for  tho  motion  communi- 
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cated  to,  or  receiyed  from,  other  celestial  bodies.  And 
whea  we  ask  how  thia  commanicated  motion  is  estimated, 
we  discover  that  the  estimate  is  based  on  certain  laws  oi 
force ;  which  laws,  one  and  all,  embody  the  postulate  that 
force  cannot  be  destroyed.  Withont  the  axiom  that  action 
and  redaction  are  eqiial  and  opposite,  astronomy  conld  not 
make  its  exact  predictions. 

Similarly  with  the  a  priori  conclusion  that  Motion  is  con- 
tinuous. That  which  defies  suppression  in  thought,  is  really 
the  force  which  the  motion  indicates.  We  can  imagine 
retardation  to  result  from  the  action  of  external  bodies. 
But  to  imagine  this,  is  not  possible  without  imagining 
abstraction  of  the  force  implied  by  the  motion.  We  are 
obliged  to  conceive  this  force  as  impressed  in  the  shape  of 
reaction  on  the  bodies  that  cause  the  arrest.  And  the 
motion  communicated  to  them,  we  are  compelled  to  re- 
gard, not  as  directly  communicated,  but  as  a  product  of 
the  communicated  force.  We  can  mentally  diminish. the 
velocity  or  space-element  of  motion,  by  diffusing  the  mo- 
mentum or  force-element  over  a  larger  mass  of  matt«r; 
but  the  quantity  of  this  force -element,  which  we  regard  as 
the  cause  of  the  motion,  is  unchangeable  in  thought.* 

*  It  is  ncedEal  to  lUta  th»t  thia  expoaitioD  differs  ia  its  point  oF  vina  from 
the  eipoaitiocs  ordioarilj  gireu  ;  and  tbat  aorne  oF  tfae  vordt  employed,  anch 
aa  (train,  have  aomewhat  larger  impliaatioua,  Uuabis  to  learn  aaythiag. 
about  tbe  natara  of  Force,  pbyaicista  have,  of  late  ye»n,  formulated  nlci. 
matu  phyaical  Cnitbs  in  such  ways  as  oFtea  tacitly  to  exclude  tbe  coDscions- 
oeaaoF  Force  ;  conceiving  oanae,  as  Hume  proposed,  in  (enoa  of  aatecedenaa 
and  seqaence  only.  "  Potential  energy,"  for  example,  ia  dsRned  aa  ooiuti. 
tuted  by  anch  relations  in  apaca  »a  permit  maatei  to  generate  in  ons  Bnother 
scrtaio  motioua,  but  ai  being  in  itself  nothing.  While  this  mods  of  con- 
ociriDg  tbe  phenomeoa  laffices  for  pbyaioal  inqniriea,  it  doe*  not  aaffioe  for 
tboparpoaea  o(  philosuphy.  After  referring  to  the  Principltt  of  Psychnion^ 
H  3*"— SSO,  the  reader  will  nuderatand  what  I  mean  by  saying  that  aino* 
our  ideaa  of  Body,  Space,  Motion,  aro  derived  from  our  ideas  of  mascular 
tenaion,  which  are  tbe  ultimate  aymbola  into  which  all  oor  other  mrntal 
■ynbol*  are  ioterpretable,  to  form  nlate  phenomena  in  the  proiimate  terms  of 
Body,  Spaas,  Motion,  while  discharging  tram  the  concepts  the  conscionaneaa 
•I  VoKK,  ia  to  auknowledge  tbe  anperstrncture  while  igDoring  tbe  toaudatioD. 


CHAPTER  yi. 

THE   PERSISTENCE   OF   FORCE.* 

§  60.  In  the  fcregoing  two  chapters,  manifestations  of 
force  of  two  fundamentally-different  classes  have  been  dealt 
with — the  force  by  which  matter  demonstrates  itself  to  us 
as  existing,  and  the  force  by  which  it  demonstrates  itself 
to  us  as  acting. 

Body  is  distinguishable  from  space  by  its  power  of  affect- 
ing our  senses,  and,  in  the  last  resort,  by  its  opposition  to 
our  efforts.  We  can  conceive  of  body  only  by  joining  in 
thought  extension  and  resistance  :  take  away  resistance,  and 
there  remains  only  space.  In  what  way  this  force  which 
produces  space-occupancy  is  conditioned  we  do  not  know. 

*  Some  explaaatioa  of  this  title  seems  oeedf  al.     Iq  the  text  itself  are  given 
the  reasons  for  using  the  word  "force"  instead  of  the  word  "energy;** 
and  here  I  must  say  why  I  think  "persistence  "  preferable  to  *'  conserva- 
tion."    Some  two  years  ago  (this  was  written  in  1861)  I  expressed  to  my 
friend  Prof.  Huxley,  my  dissatisfaction  with  the  (then)  current  expression — 
**  Conservation  of  Force  :  "  assigning  as  reasons,  first,  that  the  word  '*  con- 
oervatiou  "  implies  a  conserver  and  an  act  of  conserving  ;  and,  second,  that 
it  does  not  imply  the  existence  of  the  force  before  the  particular  manifesta- 
tion of  it  which  is  contemplated.     And  I  may  now  add,  as  a  further  fault, 
the   tacit  assumption  that,  without  some  act  of  conservation,  force  would 
disappear      All  these  implications  are  at  variance  with  the  conception  to  be 
convoyed.     In  place  cf  "  conservation  "  Prof.  Huxley  suggested /irrsui<«fUr. 
This  meets  most  of  the  objections  ,  and  though  it  may  be  urged  against  it 
that   it  does   not  directly  imply  pre-existence  of  the  force  at  any   time 
manifested,  yet  no  other  word  less  faulty  in  this  respect  can  be  found.      In 
the  absence  of  a  word  specially  coined  for  the  purpose,  it  seems  the  best  { 
Mid  at  such  I  adopt  it. 
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Tte  mode  o£  force  which  is  revealed  to  na  only  by  opposi- 
tion to  our  own  powers,  msiy  be  in  essence  the  same  with 
the  mode  of  force  which  roveals  itself  by  the  changes  it 
tnitiatea  in  our  consciouaness.  Thtit  the  space  a  body 
occupies  13  in  part  determined  by  the  degree  of  that  activity 
possessed  by  its  molecules  which  wo  call  heat,  is  a  familiar 
(ruth.  Moreover,  we  know  that  such  molecalar  re-arrange* 
ment  as  occurs  in  the  change  of  water  into  ice,  is  accom- 
panied by  an  evt'lution  of  force  which  may  burst  the 
containing  vessel  and  give  motion  to  the  fragments. 
Nevertheless,  the  forms  of  our  experience  oblige  us  to 
distinguish  between  two  modes  of  force ;  the  one  not  a 
worker  of  change  and  the  other  a  worker  of  change,  actual 
or  potential.  The  first  of  these — the  space-occupying  kind 
of  force — has  no  specific  name, 

For  the  second  kind  of  foi'ce,  distinguishable  as  that  by 
which  change  is  either  being  caused  or  will  be  caused  if 
counterbalancing  forces  are  overcome,  the  specific  name 
now  accepted  is  "  Energy."  Tliat  which  in  the  last  chapter 
was  spoken  of  as  perceptible  activity,  is  called  by  physicists, 
"actual  energy";  and  that  which  was  called  latent  activity, 
is  called  "potential  energy."  While  including  the  mode 
of  activity  shown  in  molar  motion.  Energy  includes  also 
the  several  modes  of  activity  into  which  molar  motion  is 
transformable — heat,  light,  etc.  It  is  the  common  name  for 
the  power  shown  alike  in  the  movements  of  masses  and 
in  the  movements  of  molecules.  To  our  perceptions  this 
second  kind  of  force  differs  from  the  first  kind  as  being 
not  intrinsic  but  extrinsic. 

lu  aggregated  matter  as  presented  to  sight  and  touch, 
iLis  antithesis  is,  as  above  implied,  much  obscured.  Espe> 
cially  in  a  compound  substance,  biith  the  potential  energy 
locked  up  in  the  chemically -combined  molecnles,  and  the 
actual  energy  made  perceptible  to  us  as  heat,  complicate 
the  manifeatations  of  intrinsic  force  by  the  manifestations 
of  extrinsic  force.     But  the  antithesis  here  partially  hidden, 
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is  clearly  seen  on  redacing  the  data  to  their  lowest  terms 
— a  nnit  of  matter,  or  atom,  and  its  motion.  The  force  bj 
which  it  exists  is  pcusive  but  independent ;  while  the  force 
bj  which  it  moves  is  cLctive  hut  dependent  on  its  past 
and  present  relations  to  other  atoms.  These  two  cannot 
be  identified  in  onr  thoughts.  For  as  it  is  impossible  to 
think  of  motion  withont  something  that  moves;  so  it  ia 
impossible  to  think  of  energy  without  something  possess* 
ing  the  energy. 

While  recognizing  this  fundamental  distinction  between 
that  intrinsic  force  by  which  body  manifests  itself  aa 
occupying  space,  and  that  extrinsic  force  distinguished  as 
energy ;  I  here  treat  of  them  together  as  being  alike  per- 
sistent. And  I  thus  treat  of  them  together  partly  for  the 
reason  that,  in  our  consciousness  of  them,  there  is  the  same 
essential  element.  *  The  sense  of  effort  is  our  subjective 
symbol  for  objective  force  in  general,  passive  and  active. 
Power  of  neutralizing  that  which  we  know  as  our  own 
muscular  strain,  is  the  ultimate  element  in  our  idea  of  body 
as  di.«tinguished  from  space ;  and  any  energy  which  we  can 
give  to  body,  or  receive  from  it,  is  thought  of  as  equal  to  a 
certain  amount  of  muscular  strain.  The  two  conscious- 
nesses differ  essentially  in  this,  that  the  feeling  of  effort 
comm  .n  to  the  two  is  in  the  last  case  joined  with  conscious- 
ness cf  change  of  position,  but  in  the  first  case  is  not.* 

There  is,  however,  a  further  and  more  important  reason 

*  In  respect  to  the  fuDdamental  distinction  here  made  between  the  space- 
occupying  kind  of  force,  and  the  kind  of  force  ahown  by  varioaa  modes  of 
activity,  I  am,  as  in  the  last  chapter,  at  issue  with  some  of  my  8cieniifi« 
friends.  They  do  not  admit  that  the  conception  of  force  is  involved  in  th« 
conception  of  a  unit  of  matter.  From  the  psychological  point  of  view,  how- 
ever, Matter,  in  all  its  properties,  is  the  unknown  cause  of  the  sensations  it 
produces  in  us  ;  of  which  the  one  which  remains  when  all  the  others  are 
absent,  is  resistance  to  our  efforts— a  resistance  we  are  obliged  to  symboliz* 
at  the  equivalent  of  the  muscular  force  it  opposes.  In  imagining  a  unit  oi 
matter  we  may  not  ignore  this  symbol,  by  which  alone  a  unit  of  matter  cai 
be  figured  in  thought  as  an  existence.  It  is  not  allowable  to  speak  at 
though  there  remained  a  3oiioeption  of  an  existence  when  that  conoeplioB 
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for  here  dealing  with  the  truth  that  Force  under  each  of 
these  forms  persists.     We  have  to  examine  its  warrant. 

§  61.  At  the  risk  of  trying  the  reader's  patience,  we  must 
reconsider  the  reasoning  through  which  the  indestructibility 
of  Matter  and  the  continuity  of  Motion  are  established,  that 
we  may  see  how  impossible  it  is  to  arrive  by  parallel 
reasoning  at  the  Persistence  of  Force. 

In  all  three  cases  the  question  is  one  of  quantity  :^-does 
the  Matter,  or  Motion,  or  Force,  ever  diminish  in  quantity? 
Quantitative  science  implies  measurement;  and  measure* 
ment  implies  a  unit  of  measure.  The  units  of  measure 
h'om  which  all  others  of  any  exactness  are  derived,  are  units 
of  linear  extension.  Our  units  of  linear  extension  are  the 
lengths  of  masses  of  matter,  or  the  spaces  between  marks 
made  on  the  masses ;  and  we  assume  these  lengths,  or  these 
spaces  between  marks,  to  remain  unchanged  while  the 
temperature  is  unchanged.  From  the  standard-measure 
preserved  at  Westminster,  are  derived  the  measures  for 
trigonometrical  surveys,  for  geodesy,  the  measurement  of 
terrestrial  arcs,  and  the  calculations  of  astronomical  dis- 
tances, dimensions,  etc.,  and  therefore  for  Astronomy  at 
large.  Were  these  units  of  length,  original  and  derived, 
irregularly  variable,  there  could  be  no  celestial  dynamics  > 
nor  any  of  that  verification  yielded  by  it  of  the  constancy 
of  the  celestial  masses  or  of  their  energies.  Hence,  per- 
sistence of  the  space-occupying  species  of  force  cannot 
be  proved;  for  the  reason  that  it  is  tacitly  assumed  in 
every  experiment  or  observation  by  which  it  is  proposed 
to  prove  it.  The  like  holds  of  the  force  distin- 

guishcd  as  energy.  The  endeavour  to  establish  this  by 
measurement,  takes  for  granted  both  the  persistence  of  the 

has  been  eviscerated — deprived  of  the  element  of  tboagbt  by  wbifb  it  is 
di^tingnisbed  from  empty  space.  Divest  tbe  conceived  unit  of  matter  of  the 
objective  correlate  to  oar  subjective  sense  of  effort,  and  the  entire  fabric  ol 
physical  conceptions  disappears. 
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intrinsic  force  by  which  body  manifesta  itself  as  existing 
and  the  persistence  of  the  extrinsic  force  by  which 
body  acts.  For  it  is  from  these  equal  units  of  linear 
extension^  through  the  medium  of  the  equal-armed 
lever  or  scales,  that  we  derive  our  equal  units  of  weight, 
or  gravitative  force;  and  only  by  means  of  these  can  wc 
make  those  quantitative  comparisons  by  which  the  truths  of 
exact  science  are  reached.  Throughout  the  investigations 
leading  the  chemist  to  the  conclusion  that  of  the  carbon 
which  has  disappeared  during  combustion,  no  portion  has 

•  

been  lost,  what  is  his  repeatedly-assigned  proof?  That 
afforded  by  the  scales.  In  what  terms  is  the  verdict  of  the 
scales  given  ?  In  grains — in  units  of  weight — ^in  units  of 
gravitative  force.  And  what  is  the  total  content  of  the 
verdict  ?  Tliat  as  many  units  of  gravitative  force  as  the 
carbon  exhibited  at  first,  it  exhibits  still.  The  validity  of  the 
inference,  then,  depends  entirely  upon  the  consian-cy  of  the 
units  of  force.  If  the  force  with  which  the  portion  of  metal 
called  a  grain -weight,  tends  towards  the  Earth,  has  varied, 
the  inference  tliat  matter  is  indestructible  is  vicious. 
Everything  turns  on  the  truth  of  the  assumption  that  the 
gravitation  of  the  weights  is  persistent;  and  of  this  no 
proof  is  assigned,  or  can  be  assigned.  In  the 

reasonings  of  the  astronomer  there  is  a  like  implication; 
from  which  we  may  draw  the  like  conclusion.  No  problem 
in  celestial  physics  can  be  solved  without  the  assumption  of 
Rome  unit  cf  force.  This  unit  need  not  be,  like  a  pound  or 
A  ton,  one  of  which  we  can  take  direct  cognizance.  It  is 
n^quisite  only  that  the  mutual  attraction  which  some  two  of 
the  bodies  concerned  exercise  at  a  given  distance,  should  be 
taken  as  one ;  so  that  the  other  attractions  with  which  the 
problem  deals,  may  be  expressed  in  terms  of  this  one.  Such 
unit  being  assumed,  the  motions  which  the  respective 
masses  will  generate  in  each  other  in  a  given  time,  are 
calculated ;  and  compounding  these  with  the  motions  they 
already  have,  their  places  at  tlie  end  of  that  time  are  prts 
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dieted.  The  prediction  ia  verified  by  observation.  From 
this,  either  of  two  inferences  may  be  drawn.  Assuming 
the  masses  to  be  unchanged,  their  energies,  actual  and  poten- 
tial, may  be  proved  to  be  undiminished  ;  or  assuming  their 
energies  to  be  undiminished,  the  masses  may  be  proved  un- 
dhanged.  But  the  validity  of  one  or  other  inference,  de- 
pends wholly  on  the  truth  of  the  assumption  that  the  unil 
of  force  is  unchanged.  Let  it  be  supposed  that  the  gravi- 
tation  of  the  two  bodies  towards  each  other  at  the  given 
distance,  has  varied,  and  the  conclusions  drawn  are  no  longer 
true.  Nor  is  it  only  in  their  concrete  data  that 

the  reasonings  of  terrestrial  and  celestial  physics  assume  the 
Persistence  of  Force.  The  equality  of  action  and  reaction 
is  taken  for  granted  from  beginning  to  end  of  either  argu- 
ment ;  and  to  assert  that  action  and  reaction  are  equal 
and  opposite,  is  to  assert  that  Force  is  persistent.  The 
allegation  really  amounts  to  this,  that  there  cannot  be 
an  isolated  force  beginning  and  ending  in  nothing;  but 
that  any  force  manifested,  implies  an  equal  antecedent  force 
from  which  it  ia  derived,  and  against  which  it  is  a  reaction. 
We  might  indeed  be  certain,  even  in  the  absence  of  any 
such  analysis  as  the  foregoing,  that  there  must  exist  some 
principle  which,  as  being  the  basis  of  science,  cannot  be 
established  by  science.  All  reasoned-out  conclusions  what- 
ever must  rest  on  some  postulate.  As  before  shown  (§  23), 
we  cannot  go  on  merging  derivative  truths  in  those  wider 
and  wider  truths  from  which  they  are  derived,  witliout 
reaching  at  last  a  widest  truth  which  can  be  merged  in  no 
other,  or  derived  from  no  other.  And  whoever  contcin- 
plates  the  relation  in  which  it  stands  to  the  truths  of  scienci; 
)]i  general,  will  see  that  this  truth  transcending  demonstra- 
Ufin  is  the  Persistence  of  Force. 

§  62.  Bnl   now   what  is  the   force  of  which  we  predi- 
cate  persistence  F     It  is  not  the  force  we  are  immediately 
I  of  in   oar  own  muscular  efforts;   for  this  docfl 


192^  THB   PBBSISTENCB  OF  fOKCV. 

not  persist.  As  soon  as  an  outstretched  limb  is  relaxed, 
the  sense  of  tension  disappears.  Tme,  we  assert  that  in  the 
stone  thrown  or  in  the  weight  lifted,  is  exhibited  the  effect 
of  this  muscular  tension;  and  that  the  force  which  has 
ceased  to  be  present  in  our  consciousness,  exists  elsewhere- 
But  it  does  not  exist  elsewhere  under  any  form  cognizable 
hj  us.  In  §  18  wo  saw  that  though,  on  raising  an  object 
from  the  ground,  we  are  obliged  to  think  of  its  down- 
ward  pull  as  equal  and  opposite  to  our  upward  pull ;  and 
though  it  is  impossible  to  represent  these  as  equal  without 
representing  them  as  like  in  kind ;  yet,  since  their  likeness 
in  kind  would  imply  in  the  object  a  sensation  of  muscular 
tension,  which  cannot  be  ascribed  to  it,  we  are  compelled  to 
admit  that  forco  as  it  exists  out  of  our  consciousness,  is  not 
force  as  we  know  it.  Hence  the  force  of  which  we  assert 
persistence  is  that  Absolute  Force  of  which  we  are  indefi- 
nitely conscious  as  the  necessary  correlate  of  the  force  we 
know.  By  the  Persistence  of  Force,  we  really  mean  the 
persistence  of  some  Cause  which  transcends  our  know- 
ledge and  conception.  In  asserting  it  we  assert  an  Uncon- 
ditioned Reality,  without  beginning  or  end. 

Thus,  quite  unexpectedly,  we  come  down  once  more  to 
that  ultimate  truth  in  which,  as  we  saw.  Religion  and 
Science  coalesce.  On  examining  the  data  underlying  a 
rational  Theory  of  Things,  we  find  them  all  at  last  re- 
solvable into  that  datum  without  which  consciousness  was 
shown  to  be  impossible — the  continued  existence  of  an  Un- 
knowable as  tlie  necessary  correlative  of  the  Knowable. 

The  sole  truth  which  transcends  experience  by  underlying 
it,  is  thus  the  Persistence  of  Force.     This  being  the  basis 
of  experience,  must  be  the  basis  of  any  scientific  organiza 
lion  of  experiences.     To  this  an  ultimate  analysis  brings 
us  down  ;  and  on  this  a  rational  synthesis  must  build  up. 


CHAPTER  VII. 

THE    PERSISTENCE    OF    RELATIONS    AMONG    FORCES. 

§  63.  The  first  deduction  to  be  drawn  from  the  ultimate 
universal  truth  that  force  persists,  is  that  the  re- 
lations among  forces  persist.  Supposing  a  given  mani- 
festation of  force,  under  a  given  form  and  given  condi- 
tions, be  either  preceded  by  or  succeeded  by  some  other 
manifestation,  it  must,  in  all  cases  where  the  form  and 
conditions  are  the  same,  bo  preceded  by  or  succeeded  by 
such  other  manifestation.  Every  antecedent  mode  of  the 
Unknowable  must  have  an  invariable  connexion,  quantitative 
and  qualitative,  with  that  mode  of  the  Unknowable  which 
we  call  its  consequent. 

For  to  say  otherwise  is  to  deny  the  persistence  of  force. 
If  in  any  two  cases  there  is  exact  likeness  not  only  between 
those  most  conspicuous  antecedents  which  we  distinguish 
as  the  causes,  but  also  between  those  accompanying  antece- 
dents which  we  call  the  conditions,  we  cannot  aflSrm  that 
the  effects  will  differ,  without  affirming  either  that  soiue 
force  has  come  into  existence  or  that  some  force  has  ceased 
to  exist.  If  the  cooperative  forces  in  the  one  case  arc 
equal  to  those  in  the  other,  each  to  each,  in  distribution  and 
amount ;  then  it  is  impossible  to  conceive  the  product  of 
their  joint  action  in  the  one  case  as  unlike  that  in  the  other, 
without  conceiving  one  or  more  of  the  forces  to  have  in- 
creased or  diminished  in  quantity ;  and  this  is  conceiving 
that  force  is  not  persistent. 
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To  impress  the  tmtli  here  enunciated  nnder  its  mosc 
abstract  form,  some  illustrations  will  be  desirable. 

§  64.  Let  two  equal  bnllets  be  projected  with  equal 
forces ;  then,  in  equal  times^  equal  distances  mnst  be  tra- 
velled bj  them.  The  assertion  that  one  of  them  will  describe 
an  assigned  space  sooner  than  the  other,  though  their 
initial  momenta  were  alike  and  Lhoj  have  been  equally 
resisted  (for  Ix  thej  are  nnequallj  resisted  the  antecedents 
differ)  is  an  assertion  that  equal  quantities  of  force  have  not 
done  equal  amounts  of  work;  and  this  cannot  be  thought  with- 
out  thinking  that  some  force  has  disappeared  into  nothing  or 
arisen  out  of  nothing.  Assume,  further,  that  during 

its  flight,  one  of  them  has  been  drawn  by  the  Earth  a  certain 
number  of  inclies  out  of  its  original  line  of  movement ;  then 
the  other,  which  has  moved  the  same  distance  in  the  same 
time,  must  have  fallen  just  as  far  towards  the  Earth. 
No  other  result  can  be  imagined  withe ufc  imagining 
that  equal  attractions  acting  for  equal  times,  have  pro- 
duced unequal  effocts,  which  involves  the  inconceivable 
proposition  that  some  action  has  been  created  or  anni- 
hilated. Again,  one  of  the  bullets  having  pene- 
trated the  target  to  a  certain  depth,  penetration  by 
the  other  bullet  to  a  smaller  depth,  unless  caused  b^ 
altered  shape  of  the  bullet  or  greater  local  density  in  the 
target,  cannot  be  mentally  represented.  Such  a  modifica- 
tion of  the  consequents  without  modification  of  the  ante- 
cedents, is  thinkable  only  through  the  impossible  thought 
that  something  has  become  nothing  or  nothing  has  become 
something. 

It  is  thus  not  with  sequences  only,  but  also  with  simul- 
taneous changes  and  permanent  co-existences.  Given 
clmiges  of  powder  alike  in  quantity  and  quality,  fired  from 
barrels  of  the  same  structure,  and  propelling  bullets  of 
equai  weights,  sizes,  and  forms,  similarly  rammed  down; 
and  it  is  a  necessary  inference  that  the  concomitant  actions 
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wliicli  make  up  the  explosion,  will  bear  to  one  another  like 
relations  of  quantity  and  quality  in  the  two  cases.  The  pro- 
portions among  the  different  products  of  combustion  wiU  be 
equal.  The  several  amounts  of  force  taken  up  in  giviog 
momentum  to  the  bullet,  heat  to  the  gases,  and  sound  on 
their  escape,  will  preserve  the  same  ratios.  The  quantities 
of  light  and  smoke  in  the  one  case  will  be  what  they  are  in 
the  other ;  and  the  two  recoils  will  be  alike.  For  no  dif- 
ference of  proportion,  or  no  difference  of  relation,  among  these 
concuirent  phenomena  can  be  imagined  as  arising,  without 
imagining  such  difference  of  proportion  or  relation  as  arising 
uncaused — as  arising  by  the  creation  or  annihilation  of 
force. 

That  which  here  holds  between  two  cases  must  hold 
among  any  number  of  cases ;  and  that  which  here  holds 
between  antecedents  and  consequents  that  are  comparatively 
simple,  must  hold  however  involved  the  antecedents  become 
and  however  involved  the  consequents  become. 

§  65.  Thus  what  we  call  uniformity  of  law,  resolvable  as 
we  find  it  into  the  persistence  of  relations  among  forces,  is 
an  immediate  corollary  from  the  persistence  of  force.  The 
general  conclusion  that  there  exist  constant  connexions 
among  phenomena,  ordinarily  regarded  as  an  inductive 
conclusion  only,  is  really  a  conclusion  deducible  from  the 
ultimate  datum  of  consciousness.  Though,  in  saying  this,  we 
seem  to  be  illegitimately  inferring  that  what  is  true  of 
the  ego  is  also  true  of  the  non-ego  ;  yet  here  this  inference  is 
legitimate.  For  that  which  we  thus  predicate  as  holding  in 
common  of  ego  and  noU'ego,  is  that  which  they  have  in 
common  as  being  both  existences.  The  assertion  of  an  exist- 
once  beyond  consciousness,  is  itself  an  assertion  that  there  ia 
something  beyond  consciousness  which  persists ;  for  persist- 
ence is  nothing  more  than  continued  existence,  and  existence 
oannot  be  thought  of  as  other  than  continued.  And  we 
cannot  assert  persistence  of  this  something  beyond  conscious- 
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ness,  witbotit  asserting  that  tho  relations  among  its  rnani* 
fostations  are  persistent. 

That  unirormity  of  law  thus  follows  inevitably  from  tho 
persistence  if  force^  will  become  more  and  more  clear  as  we 
advance,  we  next  chapter  will  indirectly  supply  abundant 
iUnstFotions  of  it. 


\ 


APPENDIX  TO  PART  IL 


DESCRIPTIONS  OF  TERTIATIY  FOSSIL  SHELLS 
FROM  SOUTH  AMERICA. 

By  G.  B.  SOWERBY,  Esq.,  F.L.S.,  &o. 


Maotka.  P  bttgata. — PL  II.  ^g,  8. 

Madra  f  testd  oblonffd,  tenui,  twgidd,  latere  antico  aUfore,  rofien" 
datOf  posiico  lonyiore.f  acuminato ;  lineis  incrementi  rugas  co»/» 
centricas  ejfformnTUibus. 

The  shell  itself  is  changed  into  Gypsum* 
Santa  Cruz,  Patagonia. 

Mactba  DAKwiwn. — PL  IL  fig.  9. 

Mactra  testd  ocali,  subaqvilateralt,  subventricosdj  tenuituciddf  Uevt, 
concentric^  striata,  antich  rotvndatdy  postick  obsohtissimh  sub' 
quadratd. 

It  18  impossible  to  get   at  the  hinge,  wherefore  it  cannot  be 
ascertained  positively  to  be  a  Mactra. 

Santa  Cruz,  Patagonia. 

Cbabsatella  Ltelui.— PL  II.  fig.  10. 

CrassateUa  testd  oblongd,  planivsculdj  tenuiusculd,  pnsticb  angtdatdf 
margine  postico  dorsali  declivi,  supei'Jicie  sulcis  obtusiSf  remoixSj 
longitudinalibus  omatd. 

This  species  most  nearly  resembles  CrassateUa  lamellosa   of 
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Lam. ;  it  is,  however,  destitute  of  the  erect  lAniellm  which  oma- 
ment  the  eurface  of  that  speciea. 

Santa  Oruz,  Patagonia. 

CoBBiB  P  LJEyieATA.~FL  n.  fig.  11. 

Corbu  testd  ovato-rotundatd,  ven/rioosdf  lavigatd,  margine  int*U 
kevi :  long.  3*2 ;  lot.  2"^  alt.  2  7,  poll. 

It  is  not  without  some  hesitation  that  I  haye  placed  this  in  the 
irenus  CorhU^  althou;rh  it  is  of  the  same  general  form  as  most  of  the 
known  species  of  that  ^enus.  It  is  quite  free  from  external  rugosity 
or  lamellsB.  There  are  two  specimens,  hoth  of  them  so  imperfect 
that  it  is  impossible  to  ascertain  with  certainty  the  character  of 
the  hinge  and  muscular  impressions. 

Navidad,  Chile. 

TELLDfTDES  ?   OBLONGA. — PL  II.  fifT.  19. 

TeUinidesf  tesfti  oblongd,  suIxequilateraH,  anferitis  al/iorg,  poh- 
trriiiA  acuminafiorfiy  utrdque  rotundatd :  disco  glabra^  lineis 
increm4-7iti  soluminodo  signato :  long.  1*3;  <iU.  0'7,poll, 

Til  is  shell  Is  very  thin,  and  being  embedded  in  a  hard  compact 
Bttmej  all  attempts  to  g'et  at  the  hinge  have  proved  abortive  :  it  is 
therefore  placed  in  Ti'llinides  as  the  genus  to  whioh  it  approaches 
most  nearly  in  external  characters.  M.  d'Orbigny  considers  it  a 
Solenella, 

Chiloe,  eastern  coast. 

Venus  mebidionalts. — ^Pl.  11.  fig.  18. 

Venits  testd  ovalif  p/ano-convea'd,  concentric^  striatd^  Ktriis  nciifis, 
distantibus,  8ub-elevatiSf  interstitOs  radiatim  obsolete  striatis  ; 
margine  minutisaini^  crenulato. 

This  80  closely  resembles  V,  exalbida,  Lam.  in  shape,  as  not  to 
bo  distinguishable,  except  by  the  radiating  striae  and  the  finely 
creuulated  margin. 

Santa  Crux,  Patagonia ;  and  Navidad,  Chile.* 

OyTHBBBA   8ULCUL08A. — PI.  II.  fig.  14. 

Cy'herea  Ustd  mbovatdy  antiob  rotundatiore^postick  longiore,  acumi-- 
natiuscidd,  obtusd;  sulcis  concentricis,    confertiuscuUs,  medio 

'  Wherever  a  fossil  has  been  found  at  two  localities,  the  name 
first  given  implies  that  the  best  specimens  came  from  that  place. 
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oblu»i»,  antici  poitictque  aeatimribiu  omaid  i  long,  V  \  alt.  07  { 
lot,  0-4,  poll. 

I  bave  compared  the  ungls  valve  of  this  with  numeroas  recent 
iini]  fossil  Venein  and  Oythrrea,  without  leing  able  to  identify  it 
with  an^.  As  I  bare  not  been  able  to  see  the  hinge,  1  have  onlj' 
judjjed  It  to  be  a  Cytherta  from  analogy. 

Chiloe,  eastern  ooaatt  ialaoda  of  Huafo  and  Tpim  P 

CABDinv  FimLCBUU.— PL  11.  fig.  16. 

Cardmm  trttd  mbgloboid,  tenui,  Iteviutaild,  latere  poitico  rabcari- 
tuUo,  miperfioia  ^riu  radiantibut,  numerotiaimii,  cor^ertitiinut 
tTutructd. 

ThanidiHtingatTia  and  the  interetices  are  nenrly  equal  Nearly 
the  whole  outer  surface  is  gone  from  both  apecimens. 

Santa  Onu,  Patagonia. 

Gabdicx  HULTmADUTUii. — PL  n.  fig.  16. 

Cardium  trttd  svighbosd,  cottrilit  radiantibiitpn»ticit  1 3,  rotvndafii, 
medianis  plunmii  plamilatit,  nUerttiliis  rotundalu;  fnarghi» 
dmtioulata, 

These  are  all  the  ch&racten  that  can  he  given,  aa  there  is  only 
the  posterior  portion  of  one  valve  ;  of  course  tbe  general  form  la 
only  surmised,  and  the  proportions  cannot  be  ascertained. 
Navidad,  Chile. 

CiRPiTA  PtxAsoinaA. — PI.  II.  fig,  17, 

Cardita  testd  mhtTapeziformi-rotundA,  fjtmidd,  subcordiformi,  luboh- 
ligud,  cottis  radiantibiit  34,  rmguttU,  angidatU,  aqaanufo-tem^ 
tit,  mter$titiit  latioribua. 

Nearly  related  to  C.  acaticoitala,  and  may  be  distinguiahed  hy 
hftving  fewer  and  more  distajit  riba, 
SantA  Onii,  Patagonia. 

NUCULA  P  «T.ABBA.— PL  II.  fig,  18. 

JVum/d  trttd  ooato-oblonffd,  gltArd,  nitidd,  latere  antieo  breviort, 
potlico  magit  aatmmalo ;  margintdiu  dortalibiit  dnUvn. 

I  have  referred  thia  to  Nuevla,  because  there  is  no  eitemnl  ful- 
erum  for  the  attachment  of  the  cartilage  and  ligamsnt ;  the  nature 
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of  the  stone  in  which  it  is  imbedded  has  rendered  it  impossible  to 
expose  any  part  of  the  inside. 

Santa  Cruz,  Patagonia. 

NOOULA  ORyATA.. — ^PI.  IL  fig.  19. 

Ntuula  testd  postic^  truncatd  emarffinatd,  tuperficie  Unei$  elevatiB 
undatis  conc&ntricu  omatd, 

A  beautiful  species  which  apparently  resembles  N,  Tkraeu^ 
formis  in  geueral  shape,  but  inasmuch  as  a  fragment  alone  has  been 
found,  we  canuot  give  a  more  complete  character. 

Port  Desire,  Patagonia. 

Tbigonooelia  nrsoLiTA. — ^PL  n.  figs.  20,  21. 

Triffonocelta  testd  siihovali,  crassivscnldy  vn1(th  ohliqud^  l<evi:  ared 
liyamenti  trifjondf  lateribus  elevatis;  denfihus  jmucisy  inagnia. 

This  species  is  more  unlike  the  typical  form  of  Pecttmcidus 
than  any  whicli  has  come  under  my  observation,  being  even  more 
oblique  than  tlie  P.  ohitquus  of  De  France,  from  wliich  it  ditfers 
moreover  in  being  smooth  on  the  outside,  and  destitute  of  radia- 
ting ridges. 

Santa  Cruz,  Patagonia. 

CUCULUBA  ALTA.— PI.  XL  figs.  22,  23. 

CuaiHrrfa  teatd  ovato-trajt^iformi,  siihohliqudj  stthruffosd,  Ufnhanibvs 
disfmitibuSf  ared  Wjameiiti  profundi  sidcatd,  impressiom'a  mus* 
cularis  posticcB  margine  ventrali  elevatd. 

There  is  a  considerable  primd  fade  ra^emblance  between  this 
species  and  Cucullan  decvssata^  '  Min.  Con.*  This  from  S.  Cms 
may,  however,  be  easily  distinguished  from  the  British,  by  its 
greattjr  height,  its  more  oblique  form,  and  by  the  greater  number 
of  impressed  lines  on  the  ligamental  area. 

Santa  Cruz  and  Port  Desire,  Patagonia. 

AnOMTA   ALTERlfANS.— pi.  II.  fig.  25. 

Anomia  testd  suhorhicidari^  costellis  radiantibus  plurimu,  aubgquo' 
mi/eria,  aitej-nis  minoribm. 

There  is  only  a  single  valve  of  this  speciea. 
Coquimbo,  Chile. 
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Tbebbkatdu  PAUttomoA.— PL  11.  figs.  26,  S7. 

Ttrtiraftila  tettd  ovali,  lam.  valois  feri  aqualiter  cotire.iis,  doriiili 
prodactd,incurvii,  forumtne  maijno,  adTruirginem  ealBarum/eri 
pnrntlflo ;  deltidiu,  mtdivcribiit;  nred  eardinali  eoneavd,  j  hngi' 
tudinu  tettre  i  margine  mtico  iategro,  , 

Slightly  diHerent  from  the  T.  variiMlU  of  tlia  BrilUh  Crag, 
{vide '  Win.  Con."  t.  67Q,  ff.  2  to  6)  to  nhich  honever  it  is  very 
nuHrlj  relaled,  as  it  is  also  to  tlie  T.  bUinuata,  Lam.,  of  the 
P&ris  basin.  It  may  be  distinguished  from  both  b;  its  bBving  no 
■iuiu  in  tbe  anterior  mai^in. 

San  Josef  And  Son  Julian,  Patagonia. 


PXCTEN  SEHINATUB — PL  II.  6g.  24 

Ptcten  U*td  ^uivrdvi,  otatd,  aurieulu  xnaqu^ibut,  eoitu  radiant!- 
bu»  tquamuii/erit  '22,  geminatia ;  itifertlicOt  altemit  latioribus, 
nonnottquam  eotid  mitiare  inttnutd;  auricidd  alterd  iiiai/ml 
radiatim  eottatd. 

In  general  form  Ibis  species  resembles  iMen  textwiut  (Schlot.) 
GoUf.  Tab.  XC.  f.  9,  but  it  has  very  few  more  than  half  the  num- 
ber of  ribs,  which  in  the  present  species  are  disposed  in  pairs.  The 
P.  tatoriuf,  moreover,  belongs  to  tbe  Imu  and  ioferioi  Oolite,  ac- 
cording to  Gold  fuss. 

San  Julian,  Patagonia. 


pBOTHH  DARWiBiAHDa. — D'Orbig.  'Voyage,  Part.  Pal.' 

(PI,  III.  Sgs.  28,  20,  of  this  work.) 

Ptcten  tatdferi  oibiculnri,  »ubtrquivalfi,  tfnui,  ulrinqne  eonwjt'ti*- 
euldi  extit*  Icevi,  intiu  costii  mdiantibut,  prr  paria  ditpotitit, 
propi  centrum  tniiiiit  cansptcuit ;  aariculis  pareia. 

Like  Feet.  Pleuronecteg,  P.  Jnpiniciu.  and  P.  obliteratta  in 
general  characters,  but  easily  dii-tiuguisbed  from  all  three  by  the 
eiicumslance  of  its  internal  radiating  ribs  being  disposed  in  pairs. 
This  species  has  been  named  and  described  by  M.  dOrbignjj,  but  as 
bis  description  is  Tcry  brief,  owin^  to  the  condition  of  his  speci- 
mens, and  is  unaccompanied  by  any  figure,  I  have  thought  it 
•dviaable  to  append  tbe  above  specific  character. 

San  Josef,  Patagonia;  and  St.  Fd,  Entn  lUoi. 
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P£crK5  PARAiTEnra.— D"Orbig. « Voyinw,  Pwt.  Pai;  (PL  III. 

fig.  30  ot'  thu  workl; 

Thi.«  <«p<H;i^9  has  been  figured  and  fallj  described  by  M.  d'Or- 
bigny,  and  Las  been  icciden  tally  refigured  here. 

San  Josef,  Sao  Julian,  Po.-t  Deuze^  Patagonia;  and  St.  F^ 
Entre  Rioa. 


Fbcib9  cesttbatjb.— pi  m.  fig.  81. 

Petirn  faifd  8yhr*ircitlnrij  depre^sd,  radiia  quinque  gquamuli/eris  cen* 
trail  ^minmtioreflineu  radiarUibui  asperii  numenuisquecmatd; 
auriculU  mnynia^  tubteqtuUibua  f 

A  Ainjrle  fragment  of  this  remarkable  speeiea  was  foand  at 
pDft  S.  Julian :  two  others  we r*-  brought  from  Port  Desire.  These 
frugm"Tit.s  are  all  of  the  same  side,  so  that  we  are  as  yet  but  very 
im perfectly  acquainted  with  the  species. 

San  Julian,  Port  Desire,  Santa  Ciu2»  Patagonia. 


Pectbn  Acnwc  deb. — PI.  in.  fig.  33. 

P^en  trsfd  Mvhorhicitlarif  convejt'iisruldftfnui,  valvis  subaqvaltbuf, 
rndiin  prinripnUhua  auhclevalis  circa  3(),  intermediU  3-7 
minon'/ftUf  ommhus  squamuliferis ;  auriculis  inatquaUhuf^ 
radiathn  Bqiiamuliferis,  alterd  mat/nd,  porrectd,  alierd  pari-df 
di'clivi, 

Itemarkiihle  for  its  principal  ribs  being  numerous  and  only 
Mi<fht1y  eluvalcd,  and  for  its  intermediate  ribs  being  very  nu- 
mnrous. 

San  Josef,  Patagonia. 


Peoten  budis.— pi.  III.  fig.  32. 

Pf^ttm  fesfd  svhorhiculari,  attbintpquivali-i,  crassiuaciildf  rttdi,  contia 
radian  fibuH  22,  rofundafis,  xnterstitiU  anaustionbus :  intermediu 
mmnumpiam  ferb  obsolefis;  margine  vnlidk  undulato, 

I'lie  spociiiien  ir  only  a  fragment ;  another  fragment  accompanies 
it,  whicli  may  ]K)8sibly  be  the  opposite  valye. 

Coqiiimbo,  Cliiloe. 
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Obefiduu  sbeoasu. — P].  III.  flg.  34, 


ThtB  species  la  remuks'hle  for  its  lengthrn^il  ^irm :  It  is  found 
nouped  together  in  an  argillaceouR  sandstone  ai  a  payish  colour. 
It  bears  a  stiang  fceneral  regemblaocfl  to  Crfpiduia  fomicaia, 
nhich  is  found,  siniilarly  grouped,  on  the  coast  of  New  York, 
Nhv  England,  and  generallj  on  the  Atlantic  cnosta  of  North 
Amorica. 

Santa  Cniz,  Patagonia. 


SuBa  Uttd  tubcgliadraeed ;  txtremitatibut  obtutU,  rotmtdatiM, 
anticd  paidiilum  latiort;  stritt  nunurotii,  oonfertit,  trant- 
vertii,  inttrttitiu angiutiaribat planiaicttlu  1  Ain^.Q'9;  Zat.  0'4. 

1  do  not  find  iuij  character  to  disting-uish  this  from  the  fossil 
vhich  abounds  in  the  neighbourhood  of  Bordeaux,  and  which  is 
also  found  near  Paris  and  in  Normandy,  and  which  Deshayes  has 
regarded  as  merely  a  variety  of  Bulla  liffnai-ia,  Auct.,  from  which 
howevur  it  may  easily  be  distinguisbed  by  its  much  mon  cylindri- 
cal form. 

Huafo  Island,  Oiile. 

StGABETVS  SFBGLOIiDBITS— PI,  III,  figS.  S6,  37. 


The  spiral  grooves  and  intermodiale  ridges  are  very  nearly 
equal  in  general,  though  sometimes  rather  irregular.  This  is  the 
most  concave  apecies  of  Adaoson's  Sigare'.ia  that  I  have  ever  seen, 
the  position  of  its  aperture  being  much  less  inclined  to  the  longi- 
tudinal axis  than  it  is  even  in  the  S.  oojicavut,  Lam.,  a  recent 
(pedes  common  at  Valparaiso. 

NaTidad,  Chile ;  and  Ypun  Island,  Chonoa  Archipelago, 

Natioa  pmnLA. — PI.  HI.  fig.  38. 
Kattca  tttld OBafo-subffloimd,  fflal>rd,at^^i:ti6ui  quatucr,  voASioa 
magno,  patulo. 

A  single  individual  of  this  small  ipetnes,  which  appears  as  far 
u  I  can  judge  to  be  diatinct  ixom  any  of  the  recent  species,  occun 
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in  the  fune  sort  of  rock.  nainelT,  a  tctt  bard  md  Terr  duk  <£tb 
green  Modstone,  with  the  foLowiiv  ^eciet.  The  difficoltj  of 
detai?fau)g  the  stnne  from  the  ebeilft  lie*  preTented  me  from  ucer- 
teining  with  c.tuiJity  whether  or  doc  there  he  an  mnU.'ifal 

ChiVMy  eastern  eoost. 


Katicui  nxiofLAZJL— PL  IIL  fig;  SO. 

Natiea  testd  depremuetiithmibfflobotdj  erasnutaUd,  glabrd^  atrfrao' 
tUrtis  fuat%tor  ad  oumqut,  ultfmo  maiimo,  tpiraJiier  mbUriato^ 
ttriu  tubdittaniwuM :  eailo  umbiUoali  magno^  wmbQicwm  om- 
nmb  obtepenUf  ad  labium  wtemum  menumUttm  untied  eon- 
pmeto, 

Thie  epecies  membies  Swaioson'e  Natiea  wulasiama  in  general 
form,  AS  well  as  in  the  nmbilical  callus :  it  is  however  rather  more 
circular  and  the  umbilical  callus  is  rounder.  Judging  from  the 
apfiarf^nt  general  form,  I  at  6r8t  sight,  when  I  only  saw  the  upper 
surface,  had  taken  it  for  Siffaretus  concazna,  which  it  also  resembles ; 
and  I  was  not  undeceived  until  by  clearing  awaj  the  stone  I  dis- 
covered the  umbilical  callus.  There  are  two  specimens  of  this 
s^iecies. 

Cbiloe,  eastern  coast. 


Natica  bolida.— pi.  III.  figs.  40, 41, 

Natiea  testd  9\tbgloho$df  croAsd,  Uevi^  apird  brevi,  anfiract^ua  quiit' 
quff  suturd  subincon^icudf  aperturd  ovalif  labio  columellari 
postici  crassissimoj  umhilico  medtocri,  callo  parvo :  long,  I  '8 ;  lat. 
l6,poU. 

Tliis  most  nearly  resembles  a  very  common  recent  species, 
which  has  generally  been  confounded  with  N.  mamillay  but  which 
1  have  lately  received  from  D'Orbigny  under  the  name  of  N.  Vber 
of  Valcncionnos,  it  may  be  distinguished  from  that  species  by  being 
almost  destitute  of  the  umbilical  callosity.  The  only  specimen  is 
y(;ry  much  worn,  particularly  about  the  spire,  so  that  the  true 
character  of  the  suture  is  only  discernible  in  one  part,  and  the 
gi^noral  appearance  of  the  specimens  conveys  the  deceptive  notion 
of  a  deep  and  broad  channelled  suture. 

Several  specimens  of  a  Natica,  closely  rerembling,  but  possibly 
distinct  from  this  species,  were  procured  at  Santa  Cruz ;  trey  are 
in  a  much  disguised  state,  and  only  a  small  portion  of  the  shell 
itself  remains,  particularly  of  the  outer  coats  about  the  suture, 
which  consequently  appears  very  deep  and  distinct,  whereas  when 
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well  Dreserved  the  suture  is  scarcel;  distin?uistMUe ;  U.  d'Orbignj 
CQDMaerx  th«  S.  Crni  species  MTe  ceitHialy  distinet. 
Nsridad,  Obila ;  Suta  Crux,  Fsts^mk  P 


ScALASiA  KUGCLau.— PI.  III.  fl^  43,  43. 
Scataria  tettAacuounato-pyramidali,  a 


It  tpirdtiter 

VolotioDS  about  e1e*eD  or  tweWe,  increasing  tci?  gradually 
in  siiei  with  (burteen  or  filtaeu  rounded  and  tbicldsb  raiicea  on 
«w;b. 

San  Julian,  Patagonia, 


TEOrHUH  ootuuiB.— FL  III.  figs.  44, 4S. 

Trothut  U»td  Bonicd,  lam,  at^radihui  m^aqualibiu,  lenuiftmi 
trantaeriim  itriatu,  ptatUi  prcpi  niiura^  tuliertvlu  minuOi 
teriatim  cinctu,  it\fra  mbconvexia,  tpiraliler  tenuiter  ttriati»; 
opertura  angulo  externo  aculo  :  long.  0'46 ;  lat.  0-66,  poll. 

A  ver?  small  portion  of  tlie  outer  Burface  remains,  the  inner 
coat  is  whoUj  covered  with  a  jellonish  green  and  reddish  irides- 
cence.  Umbilicus  ss  fai  as  I  can  judyo  the  same  na  in  the  Ibllowing 
species,  Tr-larii.  This  may  poMibly  be  ooly  ayoungshellofthat 
species,  (andis  so  cniuidered  b;  H.  d'Orbignj)  as  it  is  only  distin- 
guished b;  a  row  of  ve^  smsll  tubercles  placed  immediately  under 
the  suture,  which  may  hsTe  exieted  in  that  species  when  young; 
and  it  must  be  obaerred  that  ihe  first  Tolutiona  are  broken  from 
bctb  the  specimens  of  TV.  UeiiU. 

Navidad,  Chile,  Santa  Orui,  Patagonift, 


Tboohdb  lstib,— pi.  III.  flgB.  46,  47. 

Trochu  tettd  eonCcA,  litvi,  anfractibvt  tub^ualibui,  potliti  tvrgi- 
dauciUu,  antiei  tenutiuimi  tra7itv«r»im  itrialiM,  infra  tubcon- 
cavil,  tpiraliler  tenuiter  ttriatit;  lyierturd  rhoniboided,  angulo 
e.xtento  aeuto;  tiutbilieo  mediocri,  intiU  laviuimo,  lobit  iittemo 
tubinerattato  1  hug.  1'3;  lat,  2;  pott. 

The  remains  of  the  pearly  mner  coats  are  beaatdfuUy  iridesoenl 
ia  this  species ;  the  outer  nirfaco  is  duU. 
Nkridwl,  ObUa. 
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TcuKTizLXA  PAXh/soamu^ — VL IIL  fig:  43L 

TmniUtUk  t^d  elrm^fxamied^  mxfnKthfiM  dt^crvi,  3  o^  4  eoatatiB^ 
erMi$j  mterm^id  tpvticdqte  mihrjb9oUtd  wuiuirjhuM^  paaCied  m6- 
ff^ifdj  mitfgranmd  wutywi,  Urtid  earmam  efirmaxUi  mttwrd 

Thu  TurriteOa  is  probabi j  cmij  a  Tmrietr  of  7.  cnttpUafay  md 
it  more  cIom^j  rnaemblei  tlus  ipecies,  eTen  thaa  the  following 
oneo.  InMmneb  m  it»  Tolotiofia  iocr<*9.ie  in  •ue  more  rmpidlr  tliaa 
in  ntber  the  7*.  CMnutt  or  7*.  «ni.&iiX'iirr»n.  In  •ome  respects 
this  rmembles  7*.  carmifera  of  Deshajes ;  it  is  cot  boweTer  nearly 
io  lon(3^  in  proportion  to  iu  width.  'l  Imts  adopted  a  name  sag» 
gected  by  LrV>rbirny. 

Port  D^ttia,  Patagonia ;  and  fingmenta  at  27avidad,  ChUau 


TCBPJTELLA  AXBrxiCBnc. — ^PI.  IIL  fi?.  4^. 

Turrif^Ua  Utftd  ^l^/ngnto-itarifd,  an/radtbut  d^cenu  tpiraUfer  tr^ 
Cf/Mfaft\  p^!sUriorvm  co$ti$  {tqu/iUhvx,  anteriomm  co^d  anlicd 
p^f»iicdque  mnjorAiUj  intermedid  minori;  tuturd  in  nUcumpro^ 
fundum  poiifd. 

A  TfiTj  remarkable  species,  wbicb  tomewbat  resembles  a  re- 
cent one  in  my  po.Hf>eMi*ioD ;  the  two  may  howexer  be  ea&ily  diitin* 
gui^lie^J.  In  the  recent  species  the  two  spiral  ridges  are  much 
natiTf'.T  to  ea/')i  other  than  they  are  in  the  fossil ;  and  the  spiral 
fp-fyftvf  at  the  R'ltiire  is  much  deeper  and  narrower  in  the  fossil 
than  in  the  rec«;nt. 

Santa  Cruz  and  San  Julian,  Patagonia. 

TuKItlTELLA  CniLS58I8. — PI.  IV.  fig.  51. 

TurrVfilla  tetfd  elorif/ato-turrUdf  anfraclibus  decern^  ventrtcositf 
Binrnlitar  tricoMiatu,  costis  f/ranulosiSf  tnU?'medid  majorij  suturd 
%n  9nlcum  positd. 

Nearly  related  to  Turritella  cinrfulata  (Sowb.  'Tank.  Cat.*) ;  it 
Sm  oven  queHtionablo  whether  it  might  not  be  regarded  as  a  yariety 
of  that  B|M«!ie«,  along  with  T,  Ptita(fonica  and  7'.  amhulacrum. 
In  defen-nco  to  the  opinion  of  D'Orbigny,  who  has  suggested  the 
nninn,  1  have  1)eon  induced  to  describe  it.  The  principal  difier- 
euro  lietween  this  and  T.  cimjulata  are,  the  form  of  the  volutions, 
which  in  this  are  ventrico^ ;  the  absence  of  narrow  intermediate 
ridges;  and  the  greater  depth  of  the  groove  in  which  the  suture 
is  fenced.  From  T,  ambulacrum  it  dili'ers  principJly  in  the  cir- 
ruiiistancos  of  tlie  central  rib  being  the  mo;it  prominent,  while  in 
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T.  amhulaervm  it  ii  tlie  leut  pronuneiit.     The  riba  in  the  latter 
•pecics  are  but  ilightlj  granose,  and  the  grooTO  *X  th«  ratnza  is 

Huafi)  and  Mocha  laUnda,  coast  of  Chil& 

TUXBITBLU  BUTUBILIS.— PJ.  IIL  fif^.  SO, 

TtariteSa  tatd  turrild,  tauditr  traiUTtriim  itriatd,  otf/raelibuii 
9~lO,tulur4validddiiiuit,tmtieipoitKi^uetuntidiiueiUi»,pottiei 
wminentiora. 

Fngmeota  alona  cbd  be  separated  from  the  hard  itoue  in  which 
tbej  are  imbedded ;  it  has  therefore  been  imposuble  to  pve  the    , 
proportions. 

Navidad,  Chile;  sod  Ypun  Island,  OhoDos  Archipelago. 

Flgubotoiu  BCB-xamuB. — PI.  IV.  fig.  62. 

Pleurotoma  ttttd  MongA,  turritd,  utrdque  a-trtmitata  aeuminatd, 
emticd  breviorii  anfractiltiu  unit,  medio  carin\feri»,  earind 
tuhercitliferd ;  ultimo  ai\fracta  cariaii  guinjiM,  poiticali  (uicr- 
euii/erd.-  long.  00;  iat.  035. 

The  speciiv  which  most  nearly  resembles  this  is  an  undescribed 
recent  species  from  S.  America :  tiiis  fo^l  species  differs  however 
from  the  recent  one  in  tbe  position  of  the  nulcb  in  the  outer  Up, 
which  in  the  fuB^il  corresponds  with  the  posterior  t'lberculiferous 
carins,  while  in  the  recent  one  the  notch  isplnced  half  wsv  between 
tbe  posterior  tubeiculiferous  CHrina  and  the  suture,  'fhere  are 
Other  maiks  of  diDVrence,  but  this  may  be  considered  suUicieiit,  u 
forming  at  once  a  diatioct  criterion. 
Huafo  Island,  coast  of  Chile. 


FUDBOTOKA  TirBBINELI.01DBS. PI.  IV.  fig.  63. 

Itetirotoma  teaid  cbtongd,  tubventrirotd,  trantnertim  tenuMMml 
muricato-ttriatd,  anfractibut  guinit,  vmtnca$it,  m/ra  mediam 
tuberculatit,  tuberrulia  ncumiaatis,  uttima  antiei  loui»  quatuor 
vel  quinque  obtoleU  tuberculatis  i  canaii  brtm:  long.  1'35 }  Iat. 
O-e/StpoU. 

Veij  different  from  anj  other  known  PUumloma,  either  recent 
or  fossil ;  but  most  nearly  allied,  in  shape  particolulj,  to  the  recent 
■|Ncies  named  PL  imp-rtalit  hj  Lamarck. 
Navidad,  Chile. 
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PumynKA  wcb»— PI  IT.  ig:  M. 

4«sf/},  p0i€tiri  t^mitimimi  tnauarrim  ttrintiM^  wt^dio  fBinLi/ifi'i, 
ml'.im9  cnikk  Hrm  erwmit  mMmb^rcaiatm  vutrmetm;   eauMi 

A  if^xiffs  wUdi  spptsn  to  le  neazlT  nZatai  to  Ft  cai fm^m, 
Urn.  IM^  If.  t.  4^  t  11,  11,  13  (a  icml  of  the  Ptev  Bkm), 
•r^  whicik  may  porimpa  be  merdj  a  Tmriecj  of  thmt  speeiM.  In 
lUtnr^  and  general  «ATacl«i  it  irwinVw  it  fcrydotdji  itistzis 
Bm  bowererVery  difSefeot. 


Firsrs  XEorLAXDf— PL  IV.  fig.  65. 

A  »n:r1e  Tery  imperfect  specimen  which  idat  probablj  be  a 
Tariety  of  xW:ti  <ir>^eA.  It  is  not  ^^itficieatlv  complete  to  milow  of 
iXa  iAzitxj:  tltsfi'Af-h^  or  of  its  characten  beinsr  siTen.  It  is  not  even 
crrtain  that  it  belongs  to  the  genus.  M.  df'Orbijnj  conadeiB  it  as 
a  distinct  species. 

NaTidady  Chile. 


FL'STS  PTRULTVOBSCIfl. — PL  IV.  fig.  50. 

Fitswt  ffiMtd  turhinafdy  ant  id  sptralifer  mlcatd,  sptrd  mM*prt»M*>-' 
ccmicfi^  rudi;  anfracfihus  3-4,  n^dio  tuh^cukUU^  fuberculis 
trawtternm  ^ulcntU,  in  castoi  suhdecurrentibuM  :  eanali  elonffotOf 

transvernim  sulcato. 

This  s^>mewhat  rvrflembles  the  Triton  elavatar,  Lam.  (a  recent 
RpfMMHs),  in  form;  its  spire  is  however  more  elevated,  and  iia 
canal  shorter  in  proportion,  I  judge  it  to  be  a  Fustu  from  the 
fj^vAiuml  extffmal  appearance,  but  cannot  be  quite  certain,  for  the 
fHf^nt;  atmut  the  mouth  is  so  much  indurated  that  it  cannot  be 
clean;d  away. 

Navidad,  Chile. 

FUSUS  BUBHBPLEXU8. — ^Pl.  IV.  fig.  67. 

Fiuits  trstd  fmiformirturritd,  iransveraim  sfriatd,  Btru$  trregu" 
Iftri/nuif  anfrnctiiniB  novem^  medio  tuberculatigy  prope  ststurat 
Bu/mffpressis  s  canali  mediocri  subreflexo:  long.  2'1|  lat»  l*, 
poll. 
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The  shell  to  which  this  'bears  the  greatest  resemhlance  is  a  fo9ul 
snmed  Fasdalaria  JBurdigalensis,  Defr.  by  De  Bastoret  in  the 
*  M^moires  de  la  Soc.  d'Hi^t.  Nat.  de  Paris ; '  in  our  shell  there  is, 
however,  no  appearance  of  oblique  folds  on  the  anterior  part  of  the 
columella,  consequently  it  is  generically  distinct ;  while  in  other 
respects  it  is  sufficiently  different,  as  nuiy  be  seen  by  comparison. 
Its  spire  is  longer  in  proportion  to  the  last  yoltttion,  and  its  canal 
shorter. 

Navidad,  Chile. 


FuBTTS  NoiLOHiinrB.— PI.  IV.  figs.  58,  69. 

JFusus  testd  ovat(h/usiform%,  virdque  Bubacuminatd,  tsqucdif  an* 
fractibu8  quinque  spiraliter  sulcaiis,  sulcis  plerumque  seriatim 
pertvsisi  posticis  longitudinaliter  ohtutk  costatis :  canali  nie- 
diocri,  subascendente ;  mUurd  distinctd. 

A  species  which  bears  some  resemblance  to  Fusus  Noa,  Lam. ; 
still  it  IS  not  nearly  related  to  that  species.  In  shape  it  resembles 
F.  lamelhsnSf  to  whidi  it  is  really  r^ted,  but  it  is  quite  destitute 
of  the  lamellar  varices,  so  that  it  may  easily  be  distinguished. 

San  Julian,  Patagonia. 


FuBUB  PATAOoiacnB. — ^PL IV.  fig.  60. 

FuBus  testd  ovato^longdf  tenuttuctdd^  muUi/aridm  varicosd,  cm* 
fradHnut  postici  angulatis:   varicibus  lameliiformihus,  antid 
d^flexisy  posh'ci  acuminatis^  interstitiis  transversim  sulcatis; 
aperturd  subcirculari,  canali  brevituculo,  umbilioo  valido. 

Nearly  related  to  Fusua  lamelUmu  and  F,  Afagellanicui,  and 
apparently  connecting  the  two. 


Ptbula  DiBTAira. — ^Pl.  rV.  fig.  01. 

Pyrula  testd Jkiformi,  teniiiusculd,  spird  brevissimd  obtusd,  anfrae^ 
iibus  quatuor,  ultimo  mnximo,  decussatim  striata^  et  carinato, 
*    cttrinis  11-12,    distantibuSf    nminullis    interstitialibus    minim 
devaiia:  long,  1*8;  lat,  l'2,polL 

A  very  elegant  species  of  true  PgrulOf  somewhat  resembling 
P.  nexilis  (a  tertiary  fossil)  in  general  appearance,  but  differing 
from  that  species  in  its  proportions,  being  much  wider  in  com- 
parison with  its  length,  and  having  a  much  shorter  spire. 

Navidad,  Chile. 


UZ  Aff€m£x  U  PmH  IL 


d7asirrarA)iA2r»  Mtarm     FL I^.  %.  4SL 

mkuMUiff  ^mU  iii^mt»,  mt$M  «M6ir  ^i^Mfa*  jps^c^^^oK,  «£nnr:^ 
#«/^  )n>fi<rw  p0i0ati$:  mdmrd  fnfmmidz  hm^,  07^  Stt,  ^-i^ 


ftorto  Croi  ttd  8«&  Jslus,  PaUpMiBL 


Tnrov  maxaruifsvs. — FL  IV.  fig.  63. 

TriO/n  Uj(f,4  tnat'/^f/nuid^  trfmjir^nm  t^mutUr  ttriatd,  (mfraeiibuM 

m^iM^jttmlviM  4er^(  uwd  midland  tubttreulr/mm  cinctu^  ultimo 

ffin*in  Irthwi  MuJjfjifUffUAu  tvJ*^culifinri»^  tuhercuJvs  tosi<x  poftic^ 

moj'frilfijjff  Tflifjviarum  (ff/»fjUtiji ;  taricUnu  validii,  tritubereuli' 

/arm:  Umg.  1  « ;  lai,  lOTt^yjlL 

ThtH  may  h*i  di^ling^ui»hed  from  Triton  Uuro$ioma  (Ranrlln 
Initimtoma^  \^m.)^  if}  which  recent  species  it  is  most  nearlj 
r*  \ttu-t\,  \y  thM  ynnniy  of  tiiWcles  forming  the  posterior  row,  as 
well  nn  hy  \hh  Mronp^ly  tubf^rculated  varices,  and  by  its  bein^ 
rl'-^fitiito  of  tho  \}\\h  which  are  so  distmct  behind  the  yarices  in  that 

Nnvidndf  (vMiile. 


TllITOH  LBUCOSTOlfOIDES. — PI.  IV.  fig.  04. 

IVifnn  trnfd  nvato-ohhmgdf  spird  obtusd ;  anfractibus  senis^  nth* 
vnHviioHtu  tptrnlitrr  aulratia^  et  lonyitudmaliter  costatia;  vcari^ 
rihua  auh'irrryularil)u$f  roiundatis^  trnnaoeraim  sulcatis, 

T\\\n  spf»ri(»s  n«9<i«tnb1os  Triton  Uucostoma  (Randla  lettcastoma, 
Lrtiii.)  iimro  nnarly  tlinn  any  other  spocioA:  it  diflers,  however,  in 
t)in  Inlldwin^  |)iirli(Milar8,  viz.,  in  it«  ^roneral  form,  which  is  more 
(thlnit^;  in  iU  htn^itiulinal  ribs,  which  are  smaller  and  more 
iiiiiuoroiiHi  autl  oxtfMul  noarly  the  whole  length  of  each  volution; 
whi'riMtii  ill  7'.  Ir'itconfntnaf  tho.y  aro  little  more  than  elongated 
liihiM-rlon  noiir  tho  tuiddlo  of  the  whorls. 

IIunf«>  Uhind,  coast  of  Chile. 


Appendix  to  Part  II.  619 


Cassu  komlifbe.— PL  IV.  fig.  66, 

Cam*  UttS  mhgliAoid,  trmmertim  ttnmter  ilnatd,  tpfrS  «fenH 
tiuMculd,  anfractibui  tem't,  ultimo  ffibboso,  leria  unicd  tuber' 
culorum  paatid  instractoi  labia  externa  tenuiiucvlo,  r^flaxo, 
mtiu  lant;  lotto  eolumellan  expanio,  ktn:  long,  1-fi;  lot.  I'l, 
poll. 

A  second  row  of  flinall  tuliercleB  may  be  observed  occauonillj. 
I  know  of  no  species  to  whicb  thii  is  uearlj  related. 
Navidad,  Ohiie, 


MosocEBos  AHBieinjs, — PL  IV.  figs,  66, 67. 

ifonocero»tut4iitifflobotd,cratiitiKu!il,lavitt»cu2d,ipiralil«rob>okti 
cottellatd,    apertvrd    magnd,   labio   eitemo    intiu   iacraaato, 
tanbilieo  para>,  attffiuto. 
A.   singla   specnmen   in   vety   bad  conditian ;    oonudered    bj 

M.  d'Orbigny  as  closelj  related  to,  but  not  identical  with,  tbe 

a,  erauitabrum  at  Lamarck. 


GunoDiuii.* — yomm  Qenut. 

I  hara  l^nght  it  necessary  to  designate  tliis  sinsular  sbell  b^ 
a  new  ^neric  name,  because  its  characters  are  such  as  nill  ant 
permit  its  union  with  anj  hitherto  established  genus.  The  shells 
to  wbich  it  Bjppears  to  be  most  nearly  nllied  have  hitherto  been 
arranged  with  Baccinum,  Ebtima,  and  Fusai,  tJuch  is  the  Buec. 
plumStum  of  Chemnitz  (which  Swainson  hss  designated  by  the 
generic  nsme  of  Ptmdoiica^),  and  which,  to  avoid  the  npcwdtj  of 
adding  to  the  number  of  generic  names,  I  had  united  to  tha 
Bbunta.'  Such  also  ere  two  fossil  shells  deecribed  and  figured  by 
Deahajes,  under  the  names  of  Stuxittum  Tiara  and  S.JUtvratvm. 
One  shell  resembles  this  somewhat  in  form,  hut  in  other  respects 
is  VBTT  diflerent,  and  this  hss  been  placed  with  the  Bucctna  in 
^Vooda  '  Suppt.,'  and  with  the  Fii»i  by  Gray.    The  characters  hj 

'  From  TOOTp'Sio)',  eeaiTkrdat. 

*  This  namfl  of  Pactidoliva,  by  which  SwHinson  haa  designated  the 
Euccinum  pinmbenm  of  Chemnitz,  and  which  has  been  adopted  by 
Gfkt,  is  CTidenllT  nntennble  and  absur^l,  beutuae  employed  to  daleriM 
an  imaginaTy  trinity  U  OuT*.  vhieh  diet  net  txitt.  To  Ebnnts  and 
Bucciaum,  Lam.,  the  geana  is  nearly  Telated, 

■  Deshayes,  '  CoquiUe*  fouilet  dcs  enfirons  ds  Paris,'  torn.  ii.  pp^ 
M6,  GfiO. 
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whidi  atoM  new  geniM  maj  \m  known  and  dudngoiihed  froa  ha 
ailzed  gieners  are  at  fbUoir : — 

Tetid  vemtricotdy  mAgkif^  tpird  Ireti,  et^frmBtSbmsg  pottiei  mi 
stUurai  ndpreuig ;  aperturd  wu^d,  ocaM;  eamoH  fottieo 
amffuito :  amtico  Into,  r^/Uxo ;  labto  extmno  po&Uei  mermMtatOf 
tmiiei  temdore,  dfnfe  breti,  stUeo  danali  idcmeOj  frope  aniietfm 
partem poeko:  UibhcolumidlmnmernMat^m^ejptaim^paatkikapmd 

OinBiBnTX  Gepa.'FL  IV.  fig&  68, 09. 

Oasiridimn  tedd  eepaformij  Unigatd^QaaieeMpii'olitkr  ndcdd^  US 
sjctrrmtnarfine  aniieo  cretuUo:  io9tg.  23;  laL  X'l^pdL 

Kafidad,  Chile. 

T£B£BRA  COSTELLLTJL, — PL  IV.  figa.  70,  7L 

Tcrebra  tesfd  turritd,  Utciutculd,  anfractibus  medio  tumidiuKvlU, 
pftitich  lined  imftresnd  obsoletd  notfttia,  fwifellis  numerous  longitu- 
dinaiibuB,  eUvatis  ;  aperturd  eolumtttdque  lacituf. 

The  nuin])cr  of  Tolutiona  and  the  proportioDS  eannot  be  giTen, 
for  there  is  only  a  single  fragment  of  thia  apedeflu 

Navidad,  Chile. 

TlSREDBA   UHDITLirERA. — ^PL  IV.  figS.  72,  73. 

Terehrn  tentd  eUmgato-turritd,  laviuscuidj  lineoUs  undulatii  Umgi' 
tutlinnlihut  Cfjnfertitf  posticis  fortioribuSf  tectd:  anfrcutibus 
plunmiHf  postid  tumidivsculia^  fined  impressd  subobsoietd,  medio 
mbconcavis  ;  aperturd  gubrhotnboided,  columella  Uevi, 

There  are  only  two  fragmenta  of  this  species,  it  is  obvioadj 
impo&Mihle  to  Ascertain  the  number  of  Tolutiona  or  the  propor- 
tions. 

Navidad,  Chile. 

VOLTJTJl  TBIPLICATA.— PI.  IV.  6g.  74. 

Voltita  feMd  elouffato-oblongd,  spird  attenuatdf  anfractibui  ienia 
spirnliter  confertim  striatisy  ctd  8xUur<x$  adprems,  deinde 
tuberfulaiiSf  iubtrculis  in  costas  antici  decurreTitibus ;  aperturd 
vblomfdf  lontjit mlimm  tpira  aquante  ;  columelld  triplicatd,plici8 
obliquiiifStibeequalibus:  lonff.2'25',  lat.  09 ^ poll. 

This  B)H)cios  ia  placed  among  the  Volutes^  because  the  posterior 
or  upper  folds  on  the   columella  are  rather  smaller  tban  the 
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Ulterior;  it  nearlj  Teeembles  m  general  appesraiice  the  fonil 
Folutte,  mttricina,  Lam.,  and  anffiata,  Deah.,  though  euilj  dlRtiti- 
guishable  trom  both,  hj  the  ^rcumstejice  of  the  three  foIdB  on  the 
columella  being  Tety  neirly  equnl  in  our  species,  whereas  in  the 
tiro  above  mentioned  the  posteriar  folds  ore  more  numerous  ftsd 
all  veiT  much  smaller  than  the  anterior:  moreover,  the  posterior 
part  of  the  volutions  is  not  adpreseed  in  either  ot  Hioae  ^edea, 
and  the  proportioQS  are  alto  difierenk 
Navidad,  Chile. 


VOEDTl  ILTi.— PI.  IV.  flg.  76. 

Tobdm  Uttd  dangnto-Mongd,  tpird  atlenuatd,  anjractibui  Menit 
graeiiibut,  tpiraiiler  wnfirtim  ttriattt,  prope  ttUurat  adpremu, 
deinde  tabventriam* ;  aperturd  otloru/d,  labio  exlento  crattiori, 
mirefleM;  eoliinuUdlai»,pliruduabiuaeutiiuculu,pav6liquui 
tariff.  7'fi;  lat.  2*76, poM.  ci-ca. 

There  is  only  one  specimen  of  this  very  remarkable  shell,  of 
which  the  anterior  part  is  so  imperfect,  that  no  part  of  the  bner 
lip  or  of  the  cbdoI  is  to  be  eeen,  consequently  the  proportions 
given  above  may  be  liable  to  a  slight  error.  The  species  is  nearer 
to  V.  MngeUanica,  than  to  any  other  known  spet^ies ;  it  may, 
however,  easily  be  distinguished  from  that  species  \)j  the 
characters  above  stated.  At  Santa  Cruz,  there  are  two  casta, 
appareotly  belonging  to  this  species,  but  coosideied  by  M. 
d  Urbigny  as  difierent. 

Naridad,  Oliila ;  Santa  Crux,  Patagonift  F 


antid  pHcia  panqite  obltquit,  potticd  majori :  lonff,  0'9 ;  lat, 
QS7,poa. 

This  species  varies  in  its  proportions ;  it  diOers  from  all  other 
recent  or  fobsil  apedeswith  which  I  am  acquainted,  in  the  remark- 
able circumstance  of  its  having  a  broad  band  of  enamel  covering 
tbs  anterior  half  of  the  last  volution  above  or  behind  the 
columellar  band,  which  is  dieting tiisbed  from  the  posterior  part  of 
the  volution  by  a  very  fine  line,  behind  which  may  be  seen  the 
longitudinal  Imes  of  growth,  these  lines  beintr  bidden  on  the 
anterior  part  by  tbis  last  coverng  of  enamel.  This  species  beara 
a  general  resemblance  to  O.  itpiihtla,  a  common  recent  species. 
Navidad,  Ohile. 
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Bsamuux  oiqasteitil — ^PL  H  £g.  1. 

Dentalium  testd  tereti,  reduueuld,  nJrU  ImgUudnaJAuM  numerodap 
interstitiii  rotwudaiu :  /biiy.  8*2;  latO'6,polL 

This  Bpecies  appean  oocasionally  to  grow  to  a  Tory  large  mxm^ 
for  one  fracpnient  tnat  is  one  inch  and  a  third  in  length,  is  half  an 
inch  in  width  at  its  iimaller  extramity,  and  six-tenths  of  an  inch  at 
its  larger ;  while  in  its  thickest  part  the  shell  itself  is  0*13  of  an 
inch  thick. 

Nandad,  Chile. 

DESCTkLlVU  BULOOSUIC. — ^FL  IL  fig.  t. 

Dentalium    testd   tereti^    rectiusculdf    eoftelli$    longitudmaliSbuM 
eleoatiuscttlts,  mbdistmUibtis  14,  interttitiii  planulatii. 

The  proportions  cannot  be  given  ;  for  there  is  only  one  frag* 
mcnt,  wnicn  has  been  broken  and  the  two  pieces  confermminated 
by  the  sandstone  in  which  it  occurs. 

Navidad,  Chile. 

Bestuljattu  xaxtts. — ^PL  n.  6g.  S. 

Dentalium  testd  tereti,  rpctiusculd,  costishmgitudindlibus  24^  oHerma 
mnjoribus,  intersiitiis  rotundcUiu 

The  proportions  of  this  species  cannot  be  given,  because  there 
are  only  some  fragments;  it  appears  to  be  one  of  the  larger 
species  of  the  genus,  probably  reaching  the  dimensions  of 
D.  sexangidare  of  Deshayes,  tab.  3,  fig.  4.  It  diflers  from  that 
species  in  the  circumstance  of  its  never  having  only  six  angles ; 
and  it  di tiers  from  D,  elephantinum  of  Deshajes  (which  I  have 
elsew^here  proved  not  to  be  the  D,  elephantinum  of  LinniBus)  in 
being  less  rapidly  attenuated,  and  in  being  straighter. 

Huafo  Island,  coast  of  Chile. 


Balanus  yarians.— pi.  II.  figs.  4,  5, 6L 

Dalanvs  testd  poli/morphd,  valins  pletumque  ksvibus,  nonnunquam 
ratliatim  obtusd  costatitf  apicibus  subacuminatis ;  valvd  oasali 
modb  concavdt  modb  cyathifomii,  basi  acuminatd. 

This  is  a  very  remarkable  as  well  as  a  very  variable  species. 
Its  pnrietal  valves  are  sometimes  smooth,  only  showing  the  lines 
of  growth,  and  sometimes  covered  with  obtuse  radiating  ribs;  and 
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tiie  ^Mciea  Vlan^  to  tlikt  sectloa  of  the  gemiH  whicb  haa 
acumiDated  and  solid  juirieUJ  valves.  But  ihe  most  variable  part, 
in  form,  b  the  basal  valve.  It  is  to  be  ob^rved  that  in  most,  it 
not  in  all,  the  Bptc'iea  of  tbU  genus  wliich  have  been  broi];;ht  from 
the   Soutliern  ilemisphere,  it  ig  the  base  that  becomes  tubulu 


□  species,  it  is  the  psricLal  vslves  tl  at  lire  lenf^heiied  and 
not  the  baaal.  Thus,  wilL  respect  to  the  present  speciea,  ne  tind 
that  when  any  number  of  individuals  are  placed  cloae  tof^iher 
when  very  young,  &s  tUey  increase  thty  form  a  Kroup,  of  vhich 
the  basnl  valves  grow  up  side  by  aide  nud  become  I iibuiar,  without 
the  parietal  valves  changiog  tn  form ;  hence  in  some  specimens 
this  valve  is  concave  in  consequence  uf  its  havinfl:  been  placed  upon 
a  convex  substance,  and  at  a  distance  from  encb  other ;  while,  in 
Others,  which  have  been  placed  very  closely  together  when  very 
young,  this  basal  valve  has  taken  a  more  or  leaa  deep  cup  shape, 
DMDg  very  small  at  its  lower  extremity  and  increaaing  in  dlmeo- 
uons  with  age 

Ran  Julian,  Patagoniiu 


BiUHTTs  OoaniHBSXBn. — PL  IT.  Sg.  7. 

Balanvt  ttitd  pohjmorphd,  valvis  lavibui,  nonntmquam  radiah'm 
ttrialit,  lateralibus  pottiat  anguUior&ui;  apicibuttvbtruacatits 
i^erturd  parould, 

A.  remarkable  fact  la  observable  in  the  apeclmens,  botb  from 
tbs  upper  and  lower  porta  of  the  formation ;  I  have  selected  one 
from  the  upper  bed  aa  showing  it  most  distinctly.  In  consequence 
of  numerous  individuals  beinfir  closely  grouped  together,  each  one 
has  been  compelled  to  lengthen  the  basal  rnlve,  so  as  to  form  a 
nearly  cylindrical  tube,  closed  at  the  lower  part,  and  frradnally 
increasing  as  it  ascends  unll'  it  joins  the  base  of  the  six  jmrietal 
valves:  ihia  increase  in  the  length  of  the  base  seems  to  have 
lak<^n  place  more  rapidly  than  the  growth  of  the  animal  would 
permit.  A  portion  of  the  lower  part  of  this  bssal  tube  has,  there- 
fore, been  filled  up  with  cella  or  vesicles  separated  by  calrateous 
septa,  very  irregular  indeed,  but  which  would,  neverthelesa, 
answer  the  purpose  of  supporting  tbe  base  of  the  animal  in 
the  tu1«,  ao  aa  to  enable  the  animal  to  continue  its  vital 
functions. 

Coquimbo,  Ohila, 
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DESCRIPTIONS  OF  SECONDARY  FOSSIL  SHELLS 

FROM  SOUTH  AMERICA. 

Bt  Pft  vrsBOR  R  FORBES,  F.Ra,  hm^  &cw 


NiunLim  D*OBBiG2TTA3n7B. — PL  V.  fig.  L  (a)  1.  (5). 

Shell  ventricose  {probably  smooth  andsUghUywrnbiUcatedf),  Mouth 
very  broad,  reniform.  Black  rounded*  Suturee  bend  suddenly 
towards,  and  near  to,  the  umbilicus  :  on  the  back  they  are  very 
sliyhtly  sinuated. 

This  specimen  is  very  imperfect  The  form  of  the  chambers 
resembles  that  seen  in  Naidiliu  SowerhyanuSj  a  species  described 
froin  the  upper  greensand  bj  D'Orbigny.  The  general  form  more 
nearly  resembles  Nautilus  Usvigatus  of  the  same  author,  a  species 
also  from  the  Craie  chlorit6e, 

Concepcion,  Chile. 


IlAttiTEs  BLATIOR.— G.  B.  Sowcrbj, 

Testd  mngnd,  crassiusculd,  Icsvi,  svhcylindricd,  annulis  elevatis, 
consptcuis,  8ubcor\fertis,  omatd;  ejL'tremitatibus  invicem  propi 
admotis. 

This  is  the  largest  Hamite  I  have  seen ;  it  is  nearly  cylindrical, 
and  its  largest  diameter  is  2^  inches,  its  smaller  being  2\.  There 
are  two  specimens,  one  of  which  is  much  larger  than  the  other. 
The  eraalier  shows  clearly  the  near  approximation  of  the  two 
extremities.  The  specimens  have  been  lost  since  Mr.  Darwin*8 
return  to  England,  and  so  cannot  be  figured. 

Port  Famine,  Tierra  del  Fuego. 


Perna  Americana.— PL  V.  figs.  4,  5,  6ii 

Shell  lanceolate  f  vefitricose,  carinated,  compressed  m  the  cardinal 
region,  abruptly  truncate,  concave  at  the  opposite  side,  so  that  the 

V  section  of  the  two  voices  is  triangular  and  somewhat  cordate, 
The  sulcations  of  the  hinge  are  large,  numerous,  and  regular. 
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Abiabtb  DAEwnrn.— pi.  V.  fig».  22, 23. 

ShtUhroaily  ovaU,  miuA  rompretttd,  marktdwith  rather  dhtant 
rrgular  concentric  Hdget  ;  tht  intertticet  broad  and  conntmtri- 
eatly  striate :  anal  arid  oral  txtremitiet  nrarly  egualfy  broad ; 
breakt  ven/  Mat. 

Brtadlh,  1  ("j  J  length,  W ;  thickaea,  ^  qf  an  inei, 

Cofuspo,  Clule. 


Obtpksa  DiBwimi,— pi.  V.  fig.  7. 

Zotoer  txiivet  eery  tumid,  elongatrd,  arcjiatfd,  lattraUy  eompreued, 
and  much  iiKurcfd  at  the  rostral  utremily ;  its  tia-face  undu- 
lated bg  distant  dittinrt  sinuoia  fwroms,  marked  with  lesSfr 
tulcatione  or  ttriatums.  TJpprr  valve  concace,  tpatulatr,  and 
eoncentricatly  furrowed. 

Length,  \i\  \  breadth,  2 ;  distance  from  summit  of  btak  to 
loKermast  and  central  part  cf  lower  valve,  2^  inchti. 
Oopiapo,  OLile. 

GKTPHJBi  Not.  Sp.  P— PI.  V.  Sge.  S,  9. 

LoTcer  valve  not  very  convex,  rugged,  anguiated;  upper  valve  concave, 
orbicular, furrouedtoith  deep  coneentriesulcatiimi.  Appatentli/ 
a  young  tpecimen. 

Length,  ]  \ ;  breadth,  2]^ ;  thickness,  ^of  aa  inch, 
Copiapo,  OhUe. 

Lfoina  Ahvrioiita. — PL  V.  flg.  24. 

Shdl  arbiculir,  much  depressed,  the  surface  rough,  with  sharp,  rt- 
ffular,  tieealed,  distant,  concentric  ridges  (about  Ctiwnty^M  on 
specimen  eramined) ;  the  interstieei  are  striated  concentrically. 
Length,  \^ ;  breadth,  the  same  i  thickness,  ^^  of  an  inch. 

Id  shape  this  species  reKmblec  the  recent  Ludna  rndula. 
Iqnique,  Soutbern  Pern. 
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LUCDTI  £XCE!rTSICA. — G.  H  SiWEEBT,  PL  V.  UZ.  2L 

Ttttd  tubovali,  UefUr  hueqmjalut,  hwci,  vmiome  adixneo,  poMtic^ 
tulco  prttfuTulo  nb  umh^m^  ad  martpnem  vi^enm  potiieam  de^ 
currente  in  altera  valcd,  minma  profuftdo  m  aiterd:  kmg.  1-9; 
Utt  I",  alt.  2- polL 

Like  Lucina  Ckildrmi,  the  two  valves  ire  somewIiAt  nneqnal. 
And  soniftimefl  the  risrht,  iK>inetimes  the  left,  valve  u  the  larger. 
The  posterior  dorsal  jrroove  is  nearer  the  emigre  ind  deerer  than 
in  Lucina  Pennsyicitnicaf  and  the  whole  ^bell  u  much  leaa 
orhicular.  The  present  speciea  may  be  regarded  as  obliqaeij  lab- 
oral 

Port  Famine,  Tlerra  del  Fuego. 


Spirtteb  Chilejtstb* — ^Pl.  V.  figs.  16, 161 

Shell  svhorhicvlar^  tumid.  Dorsal  take  deeper  than  the  zentral : 
cardinal  area  ihort^  than  the  tranwerse  di  muter  of  the  ralce, 
triantfular^  concaKe,  hound  by  angulated  ninrgins.  Perforatian 
Uinr.efjlatO'triarKjxdnr.  Centre  of  the  dorsal  valve  Kith  a  rather 
deep  and  broad  ^inus,  trhich,  as  well  as  the  side,  is/urrotced  and 
rihbed,  liifts  simple  (about  twenty-sir ,  of  which  four  belnmp  to 
the  sinus)f  bf coming  ob/folete  taicards  the  angles  of  the  cardinal 
area,  ciossrd  by  strongly  marked  sinuous  lines  of  gro\rth,  B^ak 
very  prr/minent  and  someichat  incurved.  Dorsal  valve  ribbea 
like  the  ventral^  four  of  the  ribs  being  upon  the  rounded  but 
WfiU-defincd  mesial  ridge.  Frontal  margin  of  both  valves  slightly 
linguiff/rm. 

Thei'e  are  tiro  varieties  of  this  shell,  the  one  much  more 
tumid  than  the  other. 

JHmevMons  of  largest  specimen:  breadth,  1^;  breadth  of 
cardinal  line,  l^f  ;  length  ofd^trsal  valve,  1^  ;  of  ventral  valve, 
1  inch ;  thickness  of  united  valves,  Y^  of  an  inch. 

Thift  sboll  nearly   resembles    several  carboniferous  limestone 

?:)iri:erf4.     It  is  uUo  relitetl  to  some  liasdo  species,  as  Spirifer 
Volcotii, 

Cordillera  of  Gunsco,  Chile. 


SpIEIFEB  UNQUnTROIDES. — PL  V.  figs.  17, 18. 

Shell  orbicular,  globose,  surface  smooth,  undulated  towards  the  mar- 
gin, where  there  are  also  a  few  strong  transverse  fujTows  of 
growth.  Valves  nearly  equal.  Frontal  margin  not  projecting, 
bisintuUed.     Mesial  furrow  of  dorsal  valve  shallow,  lanceolate^ 
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alto  the  mriial  riJge  of  tht  emtrnl.   Am 
II  examined, 
lirtadtk,  1^ ;  length  nsnrJy  the  tnme  ;  thicknesa,  Ij*^  of  111 


but  mrll  defined, 
not  vitibU  in  tpi 


Very  near  Spirifer  IhigiUfera  of  Phillips  (a  oarbaniferoiw  liim- 
Btone  forail),  but  probablj  diatitict. 

Bio  Clam,  Vallej  of  Coquimbo,  Chile. 


Terebratuu  nro^— pi.  T.  figs.  19,  20. 

CA«R  orbieuiar,  depreufd,  surface  oktoMely  itrtnled  concentricatlu ; 
the  furrotDi  of  gromth  becoming  more  /trongly  marked  tov>ard$ 
the  margin.  Doraal  oahv.  inoH  concej.:  Fron/al  man/iti  ob- 
tolete]y  biiinuated,  and  in  young  epecimeni  tliglitljf  trvnxate. 
Bfttk  of  dortal  valoe  very  prominent-  and  invurmd,  obtuMtly 
angled  at  the  ridfS,  terminating  in  a  {tmali  fjpeiforation.  Area 
very  smalt  but  distinel. 

Length  of  dorsal  aaliie,  1j*^;  breadth,  l^e/att  tnehi  Ihiisk- 
nets,  1  inch. 
Iquique,  Southern  Feni. 
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ABEL 

A8EL|  M.,  on  calcareous  casts  afe 
the  Cape  of  Good  Hope,  163 
Abich  on  a  new  variety  of  feldspar, 

479 
Abingdon  Island,  118 
Abrolhos  Islands,  425 

—  incrustation  on,  38 

Absence  of  recent  formations  on 
the  S.  American  coasts,  414 

Acosta  on  an  earthquake- wave, 
472 

Aeriform  explosions  at  Ascension, 
45 

Agiierros  on  elevation  of  Imperial, 
236 

Albatross,  driven  from  St.  Helena, 
lo3 

Albemarle  Island,  117 

Albite  at  the  Galapagos  Archi- 
pelago, 118 

—  constituent  mineral  in  andcsite, 
478 

—  in  rocks  of  T.  del  Fuego,  445 

—  in  porphyries,  474 

—  crystals  of,  with  orthit«,  479 
AlLson,  Mr.,  on  elevation  of  Val- 

piiraiso,  289,  24i 
Alumina,  sulphate  of,  563 
Ammonites  from  Conception,  399, 

407 
Amolanas,  Las,  559 
Amyg<ialnidiil  cells,  half  filled,  31 
Amyydaloid,  curious  varieties  of, 

474 
Amv^H.iloids,  calcareous  origin  of, 

18 


AUSTRALIA 

Amygdaloids  of  the  UspaOata 
range,  522 

—  of  Copiapo,  667 
Andesite  of  Chile,  478 

—  in  the  valley  of  Maypn,  483, 
485 

~  of  the  Cumbre  Pass,  602,  613 

—  of  the  Uspallata  range,  529 

—  of  Los  Hornos,  638 

—  of  Copiapo,  551,  557,  567 
Anhydrite,    concretions  of,    486, 

609 
Araucaria,  silicified  wood  of,  391, 

527 
Arica,  elevation  of,  265 
Arqueros,  mines  of,  540 
Ascension,  40 

—  arborescent  incrustation  on 
rocks  of,  38 

—  absence  of  dikes,  freedom  from 
volc<anic  action,  and  state  of 
lava-streams,  105 

—  gypsum  deposited  on,  273 

—  laminated  volcanic  rocks  .of, 
4G6.  4C9 

Ascidia,  extinction  of,  159 
Atlantic    Ocpan,     new    volcanic 

focus  in,  104 
Augite  fused,  125 

—  in  frajjments,  in  gneiss,  423 

—  with  albite,  in  lava,  480 
Austin,    Mr.    R.  A.    C.,  on  bent 

cleavage  lamina,  457 
Austin,  Capt.,  on  sea-bottom,  230 
Australia^  146 

—  foliated  rocks  of,  4G4 
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AZARA 

Azara  lahiata,  beds  of,  at    San 

Pefiro,  191.  316 
Aion:8,  28,  141 


jnACULTTESragina,  400.  407 
-A^     Bfihia  BlaQca,  elevation  of, 
193 

—  formations  near.  321 

—  character  of  living  Bhells  of, 
413 

Baliia  (Brazil),  dikes  at,  139 

—  elevation  near,  193 

—  crystalline  rocks  of,  422 
Bailly,   M.,  on  the  mountains  of 

Maoritias,  34 

Ba!d  Had.  IGl 

Ballard.  M.,  on  the  precipitation  of 
sulphate  of  soda,  310 

Banda  Oriental,  tertLiry  forma- 
tions of,  337 

—  crvstalline  rocks  of,  428 
Banks  Cove,  117,  121 
Barnacles  above  sea-level,  238,246 

—  .'idhering  to  upraised  shells,  238 
Bam,  The,  St.  Helena,  8»I 
Basalt,  spfnrific  irr.ivity  of,  136 

—  of  S.  Cruz,  881 

—  St  reams  of,  in  the  Portillo  range, 
405 

—  in  the  Uspallata  range,  524 
Ba-ialiic  coast   mountains   at  8t. 

Jago,  21 

—  at  Mauritius,  35 

—  at  St.  Helena,  91 
Ba'-in  chains  of  Chile,  283 
I'.eagle  Channel,  416,  450 
Beaumont,  Elie  de,  on  laminated 

dikes,  79 
■ —  on  inc'ination  of  lava-streams, 

km;,  :<84,  497 
- —  on    dikes  indicating  elevation, 

107 

—  on  circular  subsidences  in  lava^ 
110 

—  on  viscid  quartz-rock,  529 
Be»'ch-tree,  leaves  of  fossil,  386 
lieechey,  Caj)t.,  on  sea-bottom,  225 
Belcher,  Lieut.,  on  elevated  shells 

from  Conce])cion,  238 
Bulla  Vista,  plain  of,  270 


BREWSTER 

Benza,  Dr.,  on  decomposed  granite 

427 
Bermuda,  calcareoiis  rocks  o^  162; 

165 
Bettington,   Mr.,  on    qnadmpeda 

transported  by  rivers,  353 
Beudant,  M.,  on  silex  in  trachytoy 

77 

—  on  bombs,  43,  46 

—  on  jasper,  54 

—  on  obsidian  of  H angary,  72 

—  on  laminated  trachyte,  77 
Blake,  Mr.,  on  the  decay  of  elevated 

shells  near  Iquiqne,  265 

—  on  nitrate  of  soda,  305 
B.>le.  156,  474 

Bollaert,  Mr.,  on  mines  of  Iquiqne, 

577 
Bombs,  volcanic,  42,  554 
Bones,  siiicifie<l,  403 

—  fos&il,  fresh  condition  of.  3l>9 
Bory,  St.  Vincent,  on  bombs,  44 
Bottom  of  sea  off  Patagonia,  21 1, 

224 
Bouurainville,  on  elevation  of  tlie 

.Falkland  Islands,  210 
Boulder  formation  of  S.  Cruz.  202, 
219 

—  of  Falkland  Islands.  210 

—  anterior  to  certain  extinct  quad- 
rupeds,  348 

—  of  T.  del  Fuego,  385 
Boulders,  absence  in  Australia  and 

the  Cape  of  Good  Hope,  170 

—  of  greenstone  in  New  Zealand, 
170 

—  in  the  Cordillera,  294,  296 

—  transf)orted      by    earthquake- 
waves,  301 

—  in  fine-grained  tertiary  deposits, 
401 

Brande,  Mr.,  on  a  mineral  spring, 
505 

Brattle  Island,  123 

Bravais,  M.,  on  elevation  of  Scan- 
dinavia, 261 

Brazil,  elevation  of,  193 

—  crystalline  rocks  of,  422,  429 
Brewster,  Sir  D.,  on  a  calcareo* 

animal  substance,  62 

—  ou  decomposed  glass,  148 
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BRODERIP 

Broderip,  Mr.,  on  elevated  shells 
from  CoDcepcion,  238 

Brown,  Mr.  K.,  on  sphoenilitic  bo- 
dies in  silicificd  wood,  70 

—  on  extinct  plants  from  Van 
Diemen's  Land,  167 

—  on  silicified  wood  of  Uspallata 
range,  527 

—  on  silicified  wood,  563 
Bucaleina,  elevated  shells  near,  239 
Bach,  Von,  on  obsidian  streams,  73 

—  on  laminated  lava,  75 

^on  superficial  calcareons  beds 
in  the  Canary  Islands,  100 

—  on  cavernous  lava,  116 

—  on  olivine  in  basalt,  118 

-^  on  crystals  sinking  in  obsidian, 

132 
— -  on  central  volcano,  143 
^  on  cleavage,  4(54 

—  on  cretaceous  f os:i^ils  of  the  CJor- 
dOlera,  491,  611 

—  on  the  sulphureous  volcanos  of 
Java,  587 

Buenos  Ajtcs,  315 

Buichcll,  Mr.,  on  elevated  shells  of 

Brazil,  193 
Byron  on  elevated  shells,  232 


CACHAPUAL,  boulders  in  valley 
of,  293, 296 
Caldcleugh,  Mr.,  on  elevation  of 
CkKjuimbo,  251 

—  on  rocks  of  the  Portillo  range, 
496 

Callao,  elevation  near,  266 

—  old  town  of,  272 
Culcarcous  deposit  at  St.  Jago,  af- 

fected  by  heat,  5-9 

—  fibrous    matter,  entangled    in 
streaks  in  scoriss,  15 

—  freestone  at  Ascension,  56 

—  incrustations  at  Ascension,  58 

—  sandstone  at  St.  Helena.  98 

—  superficial  bedsat  KingGeoige's 
Sound, 161 

Cape  i'f  G'od  Hope,  1G6 

—  metamorj)hic  rocks  of,  466 
Carbonic  acid,    expulsion  of,    by 

heat,  9,  IH 


CLAT8LATB 

CareharioA  megalodonj  403 
Carmichael,  Capt.,  on  glossy  coat- 
ings to  dikes,  87 
Carpenter,  Dr.,  on  microscopic  or- 
ganisms, 314 
Castro  (Chiloe),  beds  near,  390 
Casts,  ciEdcareous,  of  branches,  163 
Cauquenes   Baths,  boulders  near, 
293,  297 

—  pebbles  in  porphyry  near,  472 

—  volcanic  formation  near,  480 
^-  stratification  near,  483^ 

Caves  above  sea-level,   233,  239» 

264 
Cerifhium  (fossil),  171 
Cerrus  /mmiliSj  fossil  horns  of,  236 
Chalcedonic  noidules,  157 
Chalcedony  in  basalt  and  in  bilici- 

ficd  wood,  64 
Chatham  Island,  111,  119, 130, 141, 

160 
Chevalier,  M.,  on  elevation  near 

Lima,  266 
Chile,  elevation  of  coast,  235 

—  structure  of  country  between 
the  Cordillera  and  the  Pacific, 
283 

—  tertiary  formations  of,  390 

—  crysialline  rocks  in,  469 

—  central,  geology  of,  471 

—  northern,  geology  of,  535 
Chiloe,  gravel  on  coast,  217 

—  elevation  of,  233 

—  tertiary  formation  of,  390,  407 

—  crystalline  rocks  of,  456 
Chlorite-schist,  near  M.  Video,  431 
Chlorophacito,  156 

Chonos  ArchiiK*lago,  tertiary  for- 
mations of,  389 

—  crystalline  rocks  of,  450 
Chupat  Rio, scoriae  transported  by, 

194 
Clcarke,  Rev.W.,  on  the  Cape  of 

Good  Hope.  159,  166 
Claro  Rio,  fossiliferous  beds  of,  646 
Clav  shale  of  Los  Homos,  537 
ClaysLate,  its  deconip<jsition  and 

junction  with  granite,  at    the 

Caie  of  Go'>d  Hope,  167 

—  formation  of,  T.  del  Fucgo,  441 

—  of  Concepcion,  457 
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CLAYSLATS 

Clajslate,  feldspathic,  of  Chfle. 
471,  475,  482 

—  felcUpathic,  of  the  UspaBata 
range,  517,  520 

—  biack  siliceous,  band  of,  in  por- 
phyritic  fonnationa  of  Chile, 
477 

Claystone-porpbyrj,  formation  of, 
in  Chile,  472 

—  origin  of,  477 

—  emptiTe  sources  of,  575 
Cleavage,  of  clayslate  in  Austra- 
lia, 147 

—  definition  of,  424 

—  at  Bahia,  425 

—  Rio  de  Janeiro,  246 

—  Maldonado,  4i'9 

—  Monte  Video,  433 

—  8.  Guitm-gueyu,  434 

—  Falkland  I.,  440 

—  T.  del  Fucgo,  447 

—  Cbonos  I.,  459 

—  Chilc>e,459 

—  Concepcion,  458 

—  Chile,  459 

—  discussion  on,  4G0 
Cleava|j:e-cross,  in  sandstone,  134 
Cleavage-laminae  superlicially  bent, 

457 
Cliffs,  formation  of,  228 
Climatr,  late  changes  in,  303 

—  of  Chile  during  tertiary  period, 
412 

Coal,  of  Concepcion,  398 

—  iS.  Lorenzo,  579 
Coiw<t-denu(lation  of  St.  Helena, 

104 
Cobija,  elevation  of,  264 
Covhiuoj.a  (fossil),  174 
Cochhu/ena    auris     vulpifia,    101, 

171' 
C^oloinbia,  cretaceous  formation  of, 

578 
Colon  in.  del  Sa(Tauii"nto,  elevation 

of,  190 

—  I'ainpean  form.ition  near,  338 
Colorado.  Uio.  gravrl  of,  219 

—  sand-dunes  of,  195,  216 

—  I  .•ini]>(':ni  f«Tniation  near,  321 
Columnar  basalt,  13 
Cunibarbala,  535,  538 


OORDILLKBA 

Gomptes  Rendua,  account  of  toI- 
canic  phenomena  in  the  Atlan- 
tic, 105 

Concepcion,  earthquake  of,  145 

—  elevation  of,  236 

—  deposits  of,  398, 407 

—  crystalline  rocks  of,  457 
Conchalee,  gravel-terraces  of,  247 
Concretions  in  tuff,  54 

—  in  aqueous  and  igneous  rocka 
compared,  69 

~  of  obsidian,  69,  73 

—  of  g3rpsum,  at  Iquique,  303 

—  in  sandstone  at  S.  Cruz,  378 

—  in  tufaceous  tuff  of  Chiloe, 
378 

—  in  gneiss,  423 

—  in  claystone-porphyij  at  Pert 
Desire,'437 

—  in  gneiss  at  Valparaiso, 
460 

—  in  metamorpbic  rocks,  462 

—  of  anhydrite,  486 

—  relal  ions  of,  to  veins,  526 
Conglomerate,  recent,  at  St.  Ja.^o^ 

26 

—  claystone  of  Chile,  472,  477 

—  of  renuyan,  492,  499,  533 

—  of  the  Cumbre  Pass,  506,  513 

—  of  Rio  Claro,  545 

—  of  Copiapo,  564,  567 
Cook.Capt.,  on  form  of  sea-bottom, 

227 
Copiapo,  elevation  of,  263 

—  tertiary  formations  of,  405 

—  secondary  formations  of,  553 
Copper,  sulphate  of,  553 

—  native,  at  Arqueros,  541 

—  mines  of,  at  PanunciUo.  538 

—  veins,  distribution  of,  580 
Coquimbo,  curious  Mck  of,  162 

—  elevation  and  terraces  of,  248 

—  tertiary  formations  of,  402 

—  secondary  formal  ions  of,  640 
Corallines     living     on     pebbles, 

226 
Corals.  f().<!sil,  from  Van  Diemen's 

Land,  155,178 
Cordillera,    valleys    bordered    by 

gravel  fringes,  289 

—  basil,  strata  of,  472 
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CORDILLERA 

Cordillera,  fossils  of,  491,  512,  647, 
650, 660,  678 

—  elevation  of,  472,  501,  528,  631, 
671,  676,  689,  693,  602 

—  ^pseons  formations  of,  485, 
489,  504,  609,  536,  643,  552, 
557,  577 

—  claystone-porphyries  of,  471 

—  andesitic  rocks  of,  478 

—  volcanos  of,  480,  591,  601 
Cost«,  M.,  on  elevation  of  Lemus, 

232 
Ctoy  inlet^  tertiary  formation  of, 

384 
Grater,  great  central  one  at  St. 

Helena,  92 

—  internal  lodges  ronnd,  and  para- 
pet on,  93 

^-  segment  of,  at  the  Galapagos, 

123 
Craters,    basaltic,    small,    at   St. 

Jago,  20 

—  of  tuff  at  Tcrceira,  28 

—  at  Ascension,  41 

—  form  of,  affected  by  the  trade- 
wind,  41 

•^  of  elevation,  105 

—  of  tuff  at  the  Galapagos  Archi- 
pelago, 111,  113,  119,  121 

—  small,  at  the  Galapagos  Archi- 
pelago, 115 

—  their  breached  state,  127 
OrcLSsatcUn  Lyellii^  387 
Cruickshanl(8,    Mr.,  on  elevation 

near  Lima,  273 

Crystallisation  favoured  by  space, 
78 

Crystals  of  feldspar,  gradual  for- 
mation of,  at  Port  Desire,  437 

Ctieullaa,  387 

Cum^re,  Pass  of,  in  Cordillera,  602 

Cuming,  Mr.,  on  habits  of  the 
Mesodesma,  244 

—  on  range  of  living  shells  on  west 
coast,  410,  411 


DANA,   Mr.,  on  foliated  rocks, 
4G5 
—  on  amygdaloids,  474 
Dartigues,  Mr.,  on  sphserulites,  71 


DIKES 

Darwin,  Mount,  446 
Daubeny,  l)r.,  on  a  basin-formed 
island,  122 

—  on  fragments  In  trachyte,  60 
D'Aubuisson,  on  ihe  composition 

of  obsidian,  70 

—  on  the  lamination  of  dayslate, 
75 

—  on  hills  of  phonolite,  98 

—  on  concretions,  395 

—  on  foliated  rocks,  465 
Decay,  gradual,  of  upraised  shells, 

265,  267,  273 
Decomposition  of  granite  rooks, 

428 
De  la  Beche,  Sir  H.,  on  magnesia 

in  eruptive  lime,  14 

—  on  specific  gravity  of  lime- 
stones, 57 

—  his  theoretical  researches  on 
geology,  225 

—  on  the  action  of  salt  on  calca* 
reous  rocks,  273 

—  on  bent  cleavage-laminsd,  467 
Denudation  of  coast  at  St.  Helena, 

104 

—  on  coast  of  Patagonia,  214, 228, 
415 

—  great  powers  of,  415 

—  of  the  Portillo  range,  495,  600 
Deposits,  saline,  302     - 
Despoblado,valley  of,  564, 566, 570 
Detritus,  nature  of,  in  Cordillera, 

292 
Devonshire,  bent  cleavage  in,  457 
Diana's  Peak,  St.  Helena,  93 
Dicffenbach,  Dr.,  on  the  Chatham 

Islands,  160 
Dikes,  truncated  on  central  crateri* 

form  ridge  of  St.  Helena,  93 

—  at  St.  Helena ;  number  of ; 
coated  by  a  glossy  layer;  uni- 
form thickness  of,  87 

—  great  parallel  ones  at  StHelena, 
97 

—  remnants  of,  extending  far  into 
sea  round  St.  Helena,  104 

—  not  observed  at  Ascension,  106 

—  of  tuff,  114 

—  of  trap,  in  the  plutonic  series, 
139 
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DIKB8 

Dikes  in  gneiss  of  Brazil,  423,  429 
^  near  Bio  de  Janeiro,  428 

—  psendo^  at  Port  Desire,  439 

—  in  T.  del  Fuefro,  443 

«~  in   Chonnfl    Archipelago,  con* 
tainin;^  qiiartz,  455 

—  near  Concepcion,  with  qaartz, 
458 

^  granitic  porphjritic,  at  Yalpa-' 
raiso,  459 

—  rarely  vesicular  in  Cordillera, 
480 

-^  absent  in  the  central  ridges  of 
the  Portillo  Pass,  489 

—  of   the   Portillo    range,    with 
grains  of  quarts,  496 

—  intersecting  eskch  other  often, 
513 

—  nnmcrons  at  Copiapo,  667 
DiijUvations  at  Ascension,  46 

—  at  St.  Helena,  89 
Distribution  of   volcanic  islands, 

140 
Dt)limien  on  decomposed  trachyte, 
29 

—  on  obsidian,  72,  73 

—  on  laminaterl  lava,  75,  77 
Domeyko,  M.,  on  the  silver  mines 

i»f  Cocjuirabo,  541 

—  on  the  fossils  of  Coquimbo,  548 
D'Orbiirny,  M.A.,  on  upraised  shells 

of  Monte  Video.  11)0 

—  on  clevatcfl  shells  at  St.  Pedro, 
191 

—  on  elevated  shells  near  B.  Ayres, 
11)3 

—  on  elevation  of  S  Bias,  196 
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—  on  the  geology  of  the  Uio  N^^ 
370 

—  on  the  character  of  Patagonian 
fossils,  386 
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—  effects  of,  in  shattering  sur- 
face, 269 
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—  slow,  in  the  Portillo  range,  498 

—  two  periods  of,  in  Cordillera  of 
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of  Guasco,  650 

of  Copiapo,  601 

of  Iquique,  678 

—  palaeozoic,  from  the  Falklands, 
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—  in  sedimentary  beds,  536,  540 

—  tendency  in,  to  produce  hollow 
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Lignite  of  Chiloe,  302 

—  of  Concepcion,  397 
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Mac  Culloch,  Dr.,  on  an  amygda- 
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—  Pampean  formation  of,  337 

—  CTTstaUine  rocks  of,  4^ 
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—  tertiary  formation  of,  877 

—  subsidence  at,  419 
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preservation  of  meat,  811 

—  ancient  formation  of,  at  Iqul- 
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Band-dunes  of  the  Uruguay,  191 

—  of  the  Pampas,  193 

—  near  Bahia  Blanca,  194,  215 

—  of  the  Colorado,  196,  216  • 

—  of  8.  Cruz.  204 
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gonia, 214 

—  power  of,  in  forming  valleys, 
300 
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—  Great,  91 
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rocks,  424 
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sea-cliffs,  228 

—  near  Lima,  272 

—  probable,  during  Pampean  for- 
matic  n,  357 

—  necessary  for  the  accumulation 
of  permanent  deposits,  417 

—  during  the  tertiary  formations 
of  Chile  and  Patagonia,  421 

—  probable  during  the  Neocomian 
formation  of  the  Portillo  PabS, 
491 

—  probable  during  the  formation 
of  conglomerate  of  Tenuyan,  601 

—  during  the  Neocomian  forma- 
tion of  the  C^umbre  Pass,  512 

—  of  the  Uspallata  range,  528, 533 

—  great,  at  Copiapo,  6t»5 

—  great,  during  the  formation  of 
the  (.Cordillera,  688 

Sulphur,  volcanic  exhalations  of, 

587 
Sumatra,  promontories  of,  235 
Summary  on  the  recent  clevatory 

movements,  218,  275.  508 

—  on  the  Pampean  formation,  349, 
698 

—  on  the  tertiary  formations  of 
Patagonia  and  Chile,  386, 406,695 

—  on  the  Chilian  Cordillera,  585 
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fiuminary  on  the  cretaoeo-oolitio 

f  Ofrmadon,  586 
—  oo  the  sabeidences  of  the  Cor- 

diUera,688 
^  on  the  elenUioD  of  the  Oosdil- 
5901601 


TACNA,  eleration  of,  266 
Tahiti,  30 
Tains,  8tratlfied,withintiiff  cnten, 

121 
Tampico,  elevated  iheDs  near,  276 
Tandil,  aystaUine  rocks  of,  434 
Tapalgnen,    Pampean   formation 
of,  317 

—  crystalline  rooks  of,  434 
Taylor,  Mr^  on  copper  veins  of 

Cuba,  581 
Temperature  of  Chile  daring  the 

tertiary  period,  412 
Tension,  lines  of,  origin  of  axes  of 

elevation  and  of  cleavage,  4 GO 
Tenuy  Point,  singular  sect  i<jn  of  ,393 
Tenuyan,  valley  of,  492,  633 
Teroeira,  28 
Terraces  of  the  valley  of  S.  Cruz,  204 

—  of  equable  heights  throughout 
Patafronia.  210 

—  of  Patagonia,  formation  of,  216 

—  of  Chiloe,  235 

—  at  Conchalee,  247 

—  of  Coquimbo,  252 

—  not  horizontal  at  Coquimbo,  255 

—  of  Guasco,  261 

—  of  8.  Lorenzo,  266 

—  of  gravel  within  the  Cordillera, 
290 

Tertiary  deposit  at  St.  Jago,  7 

Theories  on  the  origin  of  the  Pam* 
pcan  formation,  350 

Tierra  amarilla,  553 

Tierra  del  Fuego,  form  of  sea- 
bottom,  227 

^  tertiary  formations  of,  385 

—  clayslate  formation  of,  441 

—  cretaceous  formation  of,  443 

—  crystalline  rocks  of,  443 

—  cleavage  of  clayslate,  446,  461 
Tosca  rook,  315 

Trachyte  at  Terceira,  28 


TUFF 

Trachyte,   decomposition   o^  by 
steam,  28 

—  at  Ascension,  48 

—  softened  at  Ascension,  48 

—  with  singular  veins,  51 

—  absent  at  the  Oalapagoe  Axofai* 
pelago,  129 

—  its  separation  from  basalt^  133 

—  specific  gravity  of,  136 

—  of  Chiloe,  390 

—  of  Port  Desire,  436 

—  in  the  Cordilleim,  480 
Traditions  of  promontories  having 

been  i^ilands,  235 

—  on  changes  of  level  near  Lima, 
272 

Trap-dikes  in  the  plntonic  series, 
139 

—  at  King  George's  Sound,  161 
Travertin  at  Van  Diemen's  Land, 

157 
Trees  buried  in  plain  of  Iquique, 
304 

—  silicified,  vertical,  of  the  Us- 
pallata  range,  527 

Tres  Montes,  elevation  of,  232 

—  volcanic  rocks  of,  389 
TAgonoctiia  intolUa^  387 
Trifitan  Arroyo,  elevated  shells  of, 

191 
Tropic -bird,    now    rare,   at    St. 

Helena,  103 
Tschudi,  Mr.,  on  sabsidence  near 

Lima,  272 
Tuff,  craters  of,  111,  113,  119,  121 

—  peculiar  kind  of,  112,  113 

—  thtir  breached  state,  127 

—  calcareous,  at  Coquimbo,  250 

—  on  basin-plain  near  St.  Jag(\ 
284 

—  structure  of,  in  Pampas,  815 

—  origin  of,  in  Pampas,  363 

—  pumiceous,  of  R.  Negro,  371 

—  Nuevo  Gulf,  373 

—  Port  Desire,  374 

—  8.  Cruz,  378 

—  Patagonia,  summaiy  on,  386 

—  ChUoe,  392 

—  formation  of,  hi  Portillo  chain, 
498 

—  great  deposit  of,  at  Copiapo,  572 
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Toffo,   volcanic,  metamorphic  of 

Uspallata,  621 
—  of  Coquimbo,  6i4 
Turner,  Mr.,  on  the  separation  of 

molten  metals,  134 
Tyerman  and  Bennett  on  marina 

remains  at  Huaheine,  32 


ULLOA,  on  rain  m  Pern,  268 
—  on  elevation  near  Lima,  273 
Umgoay,  Rio,  elevation  of  country 

near,  190 
Uspallata,  plain  of,  886,  616 

—  pass  of,  502 

—  range  of,  516 

—  concluding  remarks  on,  531 


VALDIVI  A,  tertiary  beds  of,  897 
—  mica-slate  of,  457 
Valley  of  8.  Cruz,  structure  of,  202 

—  Coquimbo,  252 

—  Guasco,  structure  of,  261 

—  Copiapo,  structure  of,  263 

—  8.  Cruz,  tertiary  formations  of, 
378 

—  CoquimbOj  geology  of,  641 

—  Guasco,  secondary  formations 
of,  550 

—  Copiapo,  secondary  formations 
of,  551 

—  Despoblado,  664,  566,  670 
Valleys,  in  St.  Jago,  25 

—  gorge-like  at  St.  Helena,  108 

—  in  New  South  Wales,  161 

—  in  the  Cordillera  bordered  by 
gravel  fringes,  290 

—  formation  of,  292 

—  in  the  Cordillera,  483 
Valparaiso,  elevation  of,  239 

—  gneiss  of,  459 

Van  Diemen's  Land,  154 
Vein  of  quartz  near  Monte  Video, 
432 

—  in  mica^slate,  461 

—  relations  of,  to  cleavage,  463 

—  in  a  trap  dike,  443 

—  of  granite,  quartzose,  454,  529 

—  remarkable,  in  gneiss,  near  Val- 
paraiso, 460 


WOOD 

Veins  in  trachyte,  51 

—  of  jasper,  62 

—  relations  of,  to  concretions,  395 
^.  metalliferous,  of  the  Uspallata 

range,  529 

—  metalliferous,  discussion  on,  680 
Venezuela,  g^eissic  rocks  of,  424 
Ventana,  Sierra,  Pampean  forma- 
tion near,  318 

—  quartz*roc^  of,  434 
Venui  (fossil),  172 
Villa  Vincencio  Pass,  616 
Vincent,  Bory  St.,  on  bombs,  44 
Volcan  Bio,  mouth  of,  485 

—  fossils  of,  490 
Volcanic  bombs,  42 

—  island  in  process  of  formation 
in  the  Atlantic,  106 

^-  islands,  their  distribution,  140 
Volcanos  of  the  Cordillera,  888, 
480,  691 

—  absent,  except  near  bodies  of 
water,  497 

—  ancient  submarine,  in  Cordil- 
lera, 676 

—  action  of,  in  relation  to  changes 
of  level,  696 

—  long  action  of,  in  the  Oordillcra, 
601 


WACKE,  its  passage  into  lava, 
31, 166 
Wackes,  argillaceous,  5,  28 
Wafer  on  elevated  shells,  264 
Waves    caused    by    earthquakes, 
power  of,  in  transporting  boul- 
ders, 271,  301 

—  power  of,  in  throwing  up  shells, 
244 

Weaver,  Mr.,  on  elevated  sheila^ 

275 
Webster j  Dr.,  on  a  basin- formed 

island,  122 

—  on  gypsum  at  Ascension,  60 
White,  Martin,  on  soundings,  160 

—  on  sea-bottom,  225 

Wind,  effects  of,  on  the  form  of 

craters,  41 
Wood  buried  at  Iquique,  304 

—  siliciHed,  of  Entre  Bios,  335 
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Wood,  8.  Cniz,  381 
^  Chiloe,  391,  394 

—  Uspallata  raDge,  627 

—  Los  Homos,  636 
*-  Copiapo,  6d3, 667 


aaSAGOKlTB 

TSSO,  Rio,  and  plain  of,  i80 
Ypun  Island,  teitiaiy  f  orm^ 
tlon  of,  889 

y  BAG0NI7B,  444 


